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ANTI-SEMA4D ANTIBODIES AND EPITOPES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority benefit to U.S. Provisional
Appl. No. 61/616,777, filed on Mar. 28, 2012, the content of
which is hereby incorporated by reference in its entirety.

REFERENCE TO SEQUENCE LISTING
SUBMITTED ELECTRONICALLY

The content of the electronically submitted sequence list-
ing in ASCII text file (Name “1843 0700001_
Sequencelisting_ascii.txt”; Size: 47,862 bytes; and Date of
Creation: Mar. 14, 2013) filed with the application is incor-
porated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Semaphorin 4D (SEMA4D), also known as CD100, is a
transmembrane protein (e.g., SEQ ID NO: 1 (human); SEQ
ID NO: 2 (murine)) that belongs to the semaphorin gene
family. SEMA4D is expressed on the cell surface as a
homodimer, but upon cell activation SEMA4D can be
released from the cell surface via proteolytic cleavage to
generate sSSEMA4D, a soluble form of the protein, which is
also biologically active. See Suzuki et al., Nature Rev. Immu-
nol. 3:159-167 (2003); Kikutani et al., Nature Immunol. 9:17-
23 (2008).

SEMAA4D was first identified by generating two mouse
monoclonal antibodies, BD16 and BB18, against activated
human T cell clones (Herold et al., Int. Immunol. 7:1-8
(1994)). SEMA4D was the first example of a semaphorin
expressed in the immune system. SEMA4D is expressed
abundantly on the surface of resting T cells, and weakly on
resting B cells, monocytes, and professional antigen-present-
ing cells, such as dendritic cells (DCs). Cellular activation can
stimulate up-regulation of surface expression of SEMA4D on
B cells and DCs, as well as the generation of sSSEMA4D.
SEMAA4D is thought to function as both a receptor, which
signals through its cytoplasmic domain, and as a ligand (Hall
et al., PNAS 93:11780-11785 (1996)). One of the receptors
identified for SEMA4D is Plexin-B1. Plexin-B1 is expressed
in non-lymphoid tissues and is a high affinity (1 nM) receptor
for SEMA4D (Tamagnone et al., Cell 99:71-80 (1999)).

SEMAA4D is an important mediator of T cell and B cell
activation. SEMA4D knockout (SEMA4D-/-) mice have
reduced antibody responses to T-dependent antigens and
impaired T cell priming. Both of these functions are restored
upon the administration of sSSEMA4D (Shi et al., Immunity
13:633-642 (2000)).

In addition to the demonstrated effects of SEMA4D on
immune cells, SEMA4D also appears to play a direct role in
the demyelination and axonal degeneration seen in neuroin-
flammatory diseases. The pathogenesis of inflammatory
demyelinating diseases, such as MS, includes both an inflam-
matory phase involving immune cells as well as phases of
selective demyelination and neurodegeneration. SEMA4D is
expressed in central nervous system (CNS) oligodendrocytes
and is an inhibitor of axonal regeneration. SEMA4D expres-
sion is up-regulated in oligodendrocytes at the periphery of
spinal cord lesions (Moreau-Fauvarque et al., J. Neuroscience
23:9229-9239 (2003)). Culturing chronically activated T
cells expressing sSSEMA4D with human multipotent neural
precursors or primary oligodendrocytes from rat brain
induces apoptosis and process extension collapse (Giraudon
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2

et al., J. Immunol. 172:1246-1255 (2004); Giraudon et al.,
NeuroMolecular Med. 7:207-216 (2005)). SEMA4D induced
apoptosis of neural precursors can be inhibited by the BD16
anti-SEMA4D antibody.

SEMAA4D is also a potent pro-angiogenic molecule. Acti-
vation of Plexin-B1 through SEM A4D binding transactivates
c-Met and promotes the invasive ability of tumor cells and
promotes angiogenesis both in vitro and in vivo. Immunohis-
tochemical analysis of SEMA4D in a large tumor sample
collection revealed that SEMA4D overexpression is a very
frequent event in head and neck, prostate, colon, breast, and
lung cancers.

SEMAA4D/Plexin-B1 signaling has also been shown to
induce migration of endothelial cells and to promote migra-
tion of tumor cells (Conrotto et al., Blood 105:4321-4329
(2005); Giordano et al., Nature Cell Biology 4:720-724
(2002)). SEMA4D induced endothelial cell migration is pre-
vented by SEMA4D-blocking antibodies and by SEMA4D
knockdown. Knocking down SEMA4D expression in head
and neck squamous cell carcioma (HNSCC) cells with
SEMAA4D short hairpin RNA (shRNA) before grafting into
nude mice caused a dramatic reduction in tumor vascularity
and tumor growth (Basile et al., PNAS 103:9017-9022
(2006)). Reports have recently pointed to a close correlation
between inflammatory infiltration of the tumor stroma and a
high vascular grade. SEMA4D is produced by inflammatory
cells present in the tumor microenvironment. In an environ-
ment lacking SEMA4D, the ability of mouse breast cancer
cells to originate tumor masses and metastases was severely
impaired, and the source of SEMA4D was tumor associated
macrophages (Sierra et al., JEM 205:1673-1685 (2008)).

Thus, there is a further need in the art for SEMA4D neu-
tralizing molecules, e.g., anti-SEMA4D antibodies, for the
treatment of cancers and neuroinflammatory diseases.

BRIEF SUMMARY OF THE INVENTION

The invention relates to epitopes of SEMA4D and to bind-
ing agents, such as antibodies, that specifically bind to
SEMAA4D and uses thereof. As well as isolated nucleic acid
molecules that encodes the epitopes of SEMA4D and meth-
ods of producing the same.

DETAILED DESCRIPTION OF THE INVENTION
1. Definitions

Itis to be noted that the term “a” or ““an” entity refers to one
or more of that entity; for example, “an anti-SEMA4D anti-
body” is understood to represent one or more anti-SEMA4D
antibodies. As such, the terms “a” (or “an”), “one or more,”
and “at least one” can be used interchangeably herein.

A “binding molecule” or “antigen binding molecule” of the
present invention refers in its broadest sense to a molecule
that specifically binds an antigenic determinant. In one
embodiment, the binding molecule specifically binds to
SEMAA4D, e.g., to a transmembrane SEMA4D polypeptide of
about 150 kDa or a soluble SEMA4D polypeptide of about
120 kDa (commonly referred to as sSSEMA4D). In another
embodiment, a binding molecule of the invention is an anti-
body or an antigen binding fragment thereof. In another
embodiment, a binding molecule of the invention comprises
at least one heavy or light chain CDR of an antibody mol-
ecule. In another embodiment, a binding molecule of the
invention comprises at least two CDRs from one or more
antibody molecules. In another embodiment, a binding mol-
ecule of the invention comprises at least three CDRs from one
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or more antibody molecules. In another embodiment, a bind-
ing molecule of the invention comprises at least four CDRs
from one or more antibody molecules. In another embodi-
ment, a binding molecule of the invention comprises at least
five CDRs from one or more antibody molecules. In another
embodiment, a binding molecule of the invention comprises
at least six CDRs from one or more antibody molecules.

As used herein, “human” or “fully human” antibodies
include antibodies having the amino acid sequence of a
human immunoglobulin and include antibodies isolated from
human immunoglobulin libraries or from animals transgenic
for one or more human immunoglobulins and that do not
express endogenous immunoglobulins, as described infra
and, for example, in U.S. Pat. No. 5,939,598 by Kucherlapati
et al. “Human” or “fully human” antibodies also include
antibodies comprising at least the variable domain of a heavy
chain, or at least the variable domains of a heavy chain and a
light chain, where the variable domain(s) have the amino acid
sequence of human immunoglobulin variable domain(s).

“Human” or “fully human” antibodies also include
“human” or “fully human” antibodies, as described above,
that comprise, consist essentially of, or consist of, variants
(including derivatives) of antibody molecules (e.g., the VH
regions and/or VL regions) described herein, which antibod-
ies or fragments thereof immunospecifically bind to a
SEMAA4D polypeptide or fragment or variant thereof. Stan-
dard techniques known to those of skill in the art can be used
to introduce mutations in the nucleotide sequence encoding a
human anti-SEMA4D antibody, including, but not limited to,
site-directed mutagenesis and PCR-mediated mutagenesis
which result in amino acid substitutions. Preferably, the vari-
ants (including derivatives) encode less than 50 amino acid
substitutions, less than 40 amino acid substitutions, less than
30 amino acid substitutions, less than 25 amino acid substi-
tutions, less than 20 amino acid substitutions, less than 15
amino acid substitutions, less than 10 amino acid substitu-
tions, less than 5 amino acid substitutions, less than 4 amino
acid substitutions, less than 3 amino acid substitutions, or less
than 2 amino acid substitutions relative to the reference VH
region, VHCDRI1, VHCDR2, VHCDR3, VL region,
VLCDRI1, VLCDR2, or VLCDR3.

In certain embodiments, the amino acid substitutions are
conservative amino acid substitution, discussed further
below. Alternatively, mutations can be introduced randomly
along all or part of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be screened for
biological activity to identify mutants that retain activity
(e.g., the ability to bind a SEMA4D polypeptide, e.g., human,
murine, or both human and murine SEMA4D). Such variants
(or derivatives thereof) of “human” or “fully human™ antibod-
ies can also be referred to as human or fully human antibodies
that are “optimized” or “optimized for antigen binding” and
include antibodies that have improved affinity to antigen.

The terms “antibody” and “immunoglobulin” are used
interchangeably herein. An antibody or immunoglobulin
comprises at least the variable domain of a heavy chain, and
normally comprises at least the variable domains of a heavy
chain and a light chain. Basic immunoglobulin structures in
vertebrate systems are relatively well understood. See, e.g.,
Harlow et al. (1988) Antibodies: A Laboratory Manual (2nd
ed.; Cold Spring Harbor Laboratory Press).

As used herein, the term “immunoglobulin” comprises
various broad classes of polypeptides that can be distin-
guished biochemically. Those skilled in the art will appreciate
that heavy chains are classified as gamma, mu, alpha, delta, or
epsilon, (y, 1, a, 9, €) with some subclasses among them (e.g.,
v1-v4). It is the nature of this chain that determines the “class”
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of the antibody as 1gG, IgM, IgA IgG, or IgE, respectively.
The immunoglobulin subclasses (isotypes) e.g., [gG1, 1gG2,
1gG3, 1gG4, IgAl, etc. are well characterized and are known
to confer functional specialization. Modified versions of each
of these classes and isotypes are readily discernable to the
skilled artisan in view of the instant disclosure and, accord-
ingly, are within the scope of the instant invention. All immu-
noglobulin classes are clearly within the scope of the present
invention, the following discussion will generally be directed
to the IgG class of immunoglobulin molecules. With regard to
IgG, a standard immunoglobulin molecule comprises two
identical light chain polypeptides of molecular weight
approximately 23,000 Daltons, and two identical heavy chain
polypeptides of molecular weight 53,000-70,000. The four
chains are typically joined by disulfide bonds in a “Y” con-
figuration wherein the light chains bracket the heavy chains
starting at the mouth of the “Y” and continuing through the
variable region.

Light chains are classified as either kappa or lambda (ic, ).
Each heavy chain class may be bound with either a kappa or
lambda light chain. In general, the light and heavy chains are
covalently bonded to each other, and the “tail” portions of the
two heavy chains are bonded to each other by covalent disul-
fide linkages or non-covalent linkages when the immunoglo-
bulins are generated either by hybridomas, B cells or geneti-
cally engineered host cells. In the heavy chain, the amino acid
sequences run from an N-terminus at the forked ends of the’Y
configuration to the C-terminus at the bottom of each chain.

Both the light and heavy chains are divided into regions of
structural and functional homology. The terms “constant” and
“variable” are used functionally. In this regard, it will be
appreciated that the variable domains of both the light (VL or
VK) and heavy (VH) chain portions determine antigen rec-
ognition and specificity. Conversely, the constant domains of
the light chain (CL) and the heavy chain (CH1, CH2 or CH3)
confer important biological properties such as secretion,
transplacental mobility, Fc receptor binding, complement
binding, and the like. By convention the numbering of the
constant region domains increases as they become more distal
from the antigen binding site or amino-terminus of the anti-
body. The N-terminal portion is a variable region and at the
C-terminal portion is a constant region; the CH3 and CL
domains actually comprise the carboxy-terminus of the heavy
and light chain, respectively.

As indicated above, the variable region allows the antibody
to selectively recognize and specifically bind epitopes on
antigens. That is, the VL domain and VH domain, or subset of
the complementarity determining regions (CDRs) within
these variable domains, of an antibody combine to form the
variable region that defines a three dimensional antigen bind-
ing site. This quaternary antibody structure forms the antigen
binding site present at the end of each arm of the Y. More
specifically, the antigen binding site is defined by three CDRs
on each of the VH and VL chains. In some instances, e.g.,
certain immunoglobulin molecules derived from camelid
species or engineered based on camelid immunoglobulins, a
complete immunoglobulin molecule may consist of heavy
chains only, with no light chains. See, e.g., Hamers-Caster-
man et al., Nature 363:446-448 (1993).

In naturally occurring antibodies, the six “complementar-
ity determining regions” or “CDRs” present in each antigen
binding domain are short, non-contiguous sequences of
amino acids that are specifically positioned to form the anti-
gen binding domain as the antibody assumes its three dimen-
sional configuration in an aqueous environment. The remain-
der of the amino acids in the antigen binding domains,
referred to as “framework” regions, show less inter-molecular
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variability. The framework regions largely adopt a -sheet
conformation and the CDRs form loops that connect, and in
some cases form part of, the p-sheet structure. Thus, frame-
work regions act to form a scatfold that provides for position-
ing the CDRs in correct orientation by inter-chain, non-cova-
lent interactions. The antigen binding domain formed by the
positioned CDRs defines a surface complementary to the
epitope on the immunoreactive antigen. This complementary
surface promotes the non-covalent binding of the antibody to
its cognate epitope. The amino acids comprising the CDRs
and the framework regions, respectively, can be readily iden-
tified for any given heavy or light chain variable domain by
one of ordinary skill in the art, since they have been precisely
defined (see below).

Inthe case where there are two or more definitions of a term
that is used and/or accepted within the art, the definition of the
term as used herein is intended to include all such meanings
unless explicitly stated to the contrary. A specific example is
the use of the term “complementarity determining region”
(“CDR”) to describe the non-contiguous antigen combining
sites found within the variable region of both heavy and light
chain polypeptides. This particular region has been described
by Kabat et al. (1983) U.S. Dept. of Health and Human
Services, “Sequences of Proteins of Immunological Interest”
and by Chothia and Lesk, J. Mol. Biol. 196:901-917 (1987),
which are incorporated herein by reference, where the defi-
nitions include overlapping or subsets of amino acid residues
when compared against each other. Nevertheless, application
of'either definition to refer to a CDR of an antibody or variants
thereof is intended to be within the scope of the term as
defined and used herein. The appropriate amino acid residues
that encompass the CDRs as defined by each of the above
cited references are set forth below in Table 1 as a compari-
son. The exact residue numbers that encompass a particular
CDR will vary depending on the sequence and size of the
CDR. Those skilled in the art can routinely determine which
residues comprise a particular CDR given the variable region
amino acid sequence of the antibody.

TABLE 1
CDR Definitions’
Kabat Chothia
VH CDR1 31-35 26-32
VH CDR2 50-65 52-58
VH CDR3 95-102 95-102
VL CDR1 24-34 26-32
VL CDR2 50-56 50-52
VL CDR3 89-97 91-96

1Numbering of all CDR definitions in Table 1 is according to the numbering conventions set
forth by Kabat et al. (see below).
Kabat et al. also defined a numbering system for variable
domain sequences that is applicable to any antibody. One of
ordinary skill in the art can unambiguously assign this system
of “Kabat numbering” to any variable domain sequence,
without reliance on any experimental data beyond the
sequence itself. As used herein, “Kabat numbering” refers to
the numbering system set forth by Kabat et al. (1983) U.S.
Dept. of Health and Human Services, “Sequence of Proteins
of Immunological Interest.” Unless otherwise specified, ref-
erences to the numbering of specific amino acid residue posi-
tions in an anti-SEMAA4D antibody or antigen-binding frag-
ment, variant, or derivative thereof of the present invention
are according to the Kabat numbering system.

Antibodies or antigen-binding fragments, variants, or
derivatives thereof of the invention include, but are not lim-
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ited to, polyclonal, monoclonal, multispecific, human,
humanized, primatized, or chimeric antibodies, single-chain
antibodies, epitope-binding fragments, e.g., Fab, Fab' and
F(ab"),, Fd, Fvs, single-chain Fvs (scFv), disulfide-linked Fvs
(sdFv), fragments comprising either a VL or VH domain,
fragments produced by a Fab expression library, and anti-
idiotypic (anti-1d) antibodies (including, e.g., anti-Id antibod-
ies to anti-SEMA4D antibodies disclosed herein). ScFv mol-
ecules are known in the art and are described, e.g., in U.S. Pat.
No. 5,892,019. Immunoglobulin or antibody molecules of the
invention can be of any type (e.g., IgG, IgE, IgM, IgD, IgA,
and IgY), class (e.g., IgG1, 1gG2, 1gG3, 1gG4, IgAl, and
IgA2, etc.), or subclass of immunoglobulin molecule.

As used herein, the term “heavy chain portion” includes
amino acid sequences derived from an immunoglobulin
heavy chain. In certain embodiments, a polypeptide compris-
ing a heavy chain portion comprises at least one of: a VH
domain, a CH1 domain, a hinge (e.g., upper, middle, and/or
lower hinge region) domain, a CH2 domain, a CH3 domain,
or a variant or fragment thereof. For example, a binding
polypeptide for use in the invention may comprise a polypep-
tide chain comprising a CH1 domain; a polypeptide chain
comprising a CH1 domain, at least a portion of a hinge
domain, and a CH2 domain; a polypeptide chain comprising
a CH1 domain and a CH3 domain; a polypeptide chain com-
prising a CH1 domain, at least a portion of a hinge domain,
and a CH3 domain, or a polypeptide chain comprising a CH1
domain, at least a portion of a hinge domain, a CH2 domain,
and a CH3 domain. In another embodiment, a polypeptide of
the invention comprises a polypeptide chain comprising a
CH3 domain. Further, a binding polypeptide for use in the
invention may lack atleasta portion ofa CH2 domain (e.g., all
or part of a CH2 domain). As set forth above, it will be
understood by one of ordinary skill in the art that these
domains (e.g., the heavy chain portions) may be modified
such that they vary in amino acid sequence from the naturally
occurring immunoglobulin molecule.

In certain anti-SEMA4D antibodies, or antigen-binding
fragments, variants, or derivatives thereof disclosed herein,
the heavy chain portions of one polypeptide chain of a mul-
timer are identical to those on a second polypeptide chain of
the multimer. Alternatively, heavy chain portion-containing
monomers of the invention are not identical. For example,
each monomer may comprise a different target binding site,
forming, for example, a bispecific antibody.

The heavy chain portions of a binding molecule for use in
the methods disclosed herein may be derived from different
immunoglobulin molecules. For example, a heavy chain por-
tion of a polypeptide can comprise a C,;; domain derived
from an IgG1 molecule and a hinge region derived from an
1gG3 molecule. In another example, a heavy chain portion
can comprise a hinge region derived, in part, from an IgG1
molecule and, in part, from an 1gG3 molecule. In another
example, a heavy chain portion can comprise a chimeric
hinge derived, in part, from an IgG1 molecule and, in part,
from an IgG4 molecule.

As used herein, the term “light chain portion” includes
amino acid sequences derived from an immunoglobulin light
chain, e.g., akappa orlambda light chain. Preferably, the light
chain portion comprises at least one of a VL or CL domain.

As used herein, the term “chimeric antibody” will be held
to mean any antibody wherein the immunoreactive region or
site is obtained or derived from a first species and the constant
region (which may be intact, partial or modified in accor-
dance with the instant invention) is obtained from a second
species. In preferred embodiments the target binding region
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or site will be from a non-human source (e.g., mouse or
primate) and the constant region is human.

Asused herein, the term “engineered antibody” refers to an
antibody in which the variable domain in either the heavy or
light chain or both is altered by at least partial replacement of
one or more CDRs from an antibody of known specificity and,
if necessary, by partial framework region replacement and
sequence changing. Although the CDRs may be derived from
an antibody of the same class or even subclass as the antibody
from which the framework regions are derived, it is envisaged
that the CDRs will be derived from an antibody of different
class and preferably from an antibody from a different spe-
cies. An engineered antibody in which one or more “donor”
CDRs from a non-human antibody of known specificity is
grafted into a human heavy or light chain framework region is
referred to herein as a “humanized antibody.” It may not be
necessary to replace all of the CDRs with the complete CDRs
from the donor variable domain to transfer the antigen bind-
ing capacity of one variable domain to another. Rather, it may
only be necessary to transfer those residues that are necessary
to maintain the activity of the target binding site.

It is further recognized that the framework regions within
the variable domain in a heavy or light chain, or both, of a
humanized antibody may comprise solely residues of human
origin, in which case these framework regions of the human-
ized antibody are referred to as “fully human framework
regions” (for example, MAb VX15/2503, disclosed in U.S.
Patent Appl. Publication No. US 2010/0285036 A1 as MAb
2503, incorporated herein by reference in its entirety). Alter-
natively, one or more residues of the framework region(s) of
the donor variable domain can be engineered within the cor-
responding position of the human framework region(s) of a
variable domain in a heavy or light chain, or both, of a human-
ized antibody if necessary to maintain proper binding or to
enhance binding to the SEMA4D antigen. A human frame-
work region that has been engineered in this manner would
thus comprise a mixture of human and donor framework
residues, and is referred to herein as a “partially human
framework region.”

For example, humanization of an anti-SEMA4D antibody
can be essentially performed following the method of Winter
and co-workers (Jones et al., Nature 321:522-525 (1986);
Riechmann et al., Nature 332:323-327 (1988); Verhoeyen et
al., Science 239:1534-1536 (1988)), by substituting rodent or
mutant rodent CDRs or CDR sequences for the correspond-
ing sequences of a human anti-SEMA4D antibody. See also
U.S. Pat. Nos. 5,225,539, 5,585,089, 5,693,761; 5,693,762,
5,859,205; herein incorporated by reference. The resulting
humanized anti-SEMA4D antibody would comprise at least
one rodent or mutant rodent CDR within the fully human
framework regions of the variable domain of the heavy and/or
light chain of the humanized antibody. In some instances,
residues within the framework regions of one or more vari-
able domains of the humanized anti-SEMAA4D antibody are
replaced by corresponding non-human (for example, rodent)
residues (see, for example, U.S. Pat. Nos. 5,585,089; 5,693,
761; 5,693,762; and 6,180,370), in which case the resulting
humanized anti-SEM A4D antibody would comprise partially
human framework regions within the variable domain of the
heavy and/or light chain.

Furthermore, humanized antibodies can comprise residues
that are not found in the recipient antibody or in the donor
antibody. These modifications are made to further refine anti-
body performance (e.g., to obtain desired affinity). In general,
the humanized antibody will comprise substantially all of at
least one, and typically two, variable domains, in which all or
substantially all of the CDRs correspond to those of a non-
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human immunoglobulin and all or substantially all of the
framework regions are those of a human immunoglobulin
sequence. The humanized antibody optionally also will com-
prise at least a portion of an immunoglobulin constant region
(Fe), typically that of a human immunoglobulin. For further
details see Jones et al., Nature 331:522-525 (1986); Riech-
mann et al., Nature 332:323-329 (1988); and Presta, Curr.
Op. Struct. Biol. 2:593-596 (1992); herein incorporated by
reference. Accordingly, such “humanized” antibodies may
include antibodies wherein substantially less than an intact
human variable domain has been substituted by the corre-
sponding sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in
which some CDR residues and possibly some framework
residues are substituted by residues from analogous sites in
rodent antibodies. See, for example, U.S. Pat. Nos. 5,225,
539; 5,585,089; 5,693,761; 5,693,762; 5,859,205. See also
U.S. Pat. No. 6,180,370, and International Publication No.
WO 01/27160, where humanized antibodies and techniques
for producing humanized antibodies having improved affinity
for a predetermined antigen are disclosed.

II. Target Polypeptide Description

As used herein, the terms “semaphorin-4D,” “SEMA4D”
and “SEMA4D polypeptide” are used interchangeably, as are
“SEMA4D” and “Sema4D” In certain embodiments,
SEMAA4D is expressed on the surface of or secreted by a cell.
In another embodiment, SEMA4D is membrane bound. In
another embodiments, SEMAA4D is soluble, e.g., sSSEMA4D.
In another embodiments, SEMA4D may include a full-sized
SEMAA4D or a fragment thereof, or a SEMA4D variant
polypeptide, wherein the fragment of SEMA4D or SEMA4D
variant polypeptide retains some or all functional properties
of the full-sized SEMA4D.

The full-sized human SEMA4D protein is a homodimeric
transmembrane protein consisting of two polypeptide chains
of 150 kDa. SEMA4D belongs to the semaphorin family of
cell surface receptors and is also referred to as CD100. Both
human and mouse SEMA4D/Semad4D are proteolytically
cleaved from their transmembrane form to generate 120-kDa
soluble forms, indicating the existence of two Sema4D iso-
forms (Kumanogoh et al., J. Cell Science 116(7):3464
(2003)). Semaphorins consist of soluble and membrane-
bound proteins that were originally defined as axonal-guid-
ance factors during development which play an important
role in establishing precise connections between neurons and
their appropriate target. Structurally considered a class IV
semaphorin, SEMA4D consists of an amino-terminal signal
sequence followed by a characteristic ‘Sema’ domain, which
contains 17 conserved cysteine residues, an Ig-like domain, a
lysine-rich stretch, a hydrophobic transmembrane region, and
a cytoplasmic tail.

Each polypeptide chain of SEMA4D includes a signal
sequence of about 13 amino acids followed by a semaphorin
domain of about 512 amino acids, an immunoglobulin-like
(Ig-like) domain of about 65 amino acids, alysine-rich stretch
ot 104 amino acids, a hydrophobic transmembrane region of
about 19 amino acids, and a cytoplasmic tail of 110 amino
acids. A consensus site for tyrosine phosphorylation in the
cytoplasmic tail supports the predicted association of
SEMAA4D with a tyrosine kinase (Schlossman, et al., Eds.
(1995) Leucocyte Typing V (Oxford University Press,
Oxford).

SEMAA4D is known to have at least two receptors. One of
the receptors, Plexin-B1, is expressed in non-lymphoid tis-
sues and has been shown to be a high affinity (1 nM) receptor
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for SEMA4D (Tamagnone et al., Cell 99:71-80 (1999)). In
certain embodiments the endothelial cells express Plexin-B1.
SEMAA4D stimulation of Plexin-B1 signaling has been shown
to induce growth cone collapse of neurons, and to induce
process extension collapse and apoptosis of oligodendrocytes
(Giraudon et al., J. Immunol. 172:1246-1255 (2004); Girau-
don et al., NeuroMolecular Med. 7:207-216 (2005)). After
binding to SEMAA4D, Plexin-B1 signaling mediates the inac-
tivation of R-Ras, leading to a decrease in the integrin medi-
ated attachment to the extracellular matrix, as well as to
activation of RhoA, leading to cell collapse by reorganization
of the cytoskeleton. See Kruger et al., Nature Rev. Mol. Cell
Biol. 6:789-800 (2005); Pasterkamp, TRENDS in Cell Biol-
ogy 15:61-64 (2005)).

In lymphoid tissues CD72 is utilized as a low affinity (300
nM) SEMA4D receptor (Kumanogoh et al., Immunity
13:621-631 (2000)). B cells and APCs express CD72, and
anti-CD72 antibodies have many of the same effects as
sSEMAA4D, such as enhancement of CD40-induced B cell
responses and B cell shedding of CD23. CD72 is thought to
act as a negative regulator of B cell responses by recruiting the
tyrosine phosphatase SHP-1, which can associate with many
inhibitory receptors. Interaction of SEMA4D with CD72
results in the dissociation of SHP-1, and the loss of this
negative activation signal. SEMA4D has been shown to pro-
mote T cell stimulation and B cell aggregation and survival in
vitro. The addition of SEMA4D-expressing cells or
sSEMA4D enhances CD40-induced B cell proliferation and
immunoglobulin production in vitro, and accelerates in vivo
antibody responses (Ishida et al., Inter. Immunol. 15:1027-
1034 (2003); Kumanogoh and H. Kukutani, Trends in Immu-
nol. 22:670-676 (2001)). sSSEMA4D enhances the CD40
induced maturation of DCs, including up-regulation of
costimulatory molecules and increased secretion of IL.-12. In
addition, sSSEMA4D can inhibit immune cell migration,
which can be reversed by addition of blocking anti-SEMA4D
antibodies (Flhabazi et al., J Immunol. 166:4341-4347
(2001); Delaire et al., J. Immunol. 166:4348-4354 (2001)).

SemadD is expressed at high levels in lymphoid organs,
including the spleen, thymus, and lymph nodes, and in non-
lymphoid organs, such as the brain, heart, and kidney. In
lymphoid organs, Sema4D is abundantly expressed on resting
T cells but only weakly expressed on resting B cells and
antigen-presenting cells (APCs), such as dendritic cells
(DCs). Cellular activation increases the surface expression of
SEMAA4D as well as the generation of soluble SEMA4D
(sSEMA4D).

The expression pattern of SEMA4D suggests that it plays
an important physiological as well as pathological role in the
immune system. SEMA4D has been shown to promote B cell
activation, aggregation and survival; enhance CD40-induced
proliferation and antibody production; enhance antibody
response to T cell dependent antigens; increase T cell prolif-
eration; enhance dendritic cell maturation and ability to
stimulate T cells; and is directly implicated in demyelination
and axonal degeneration (Shi et al., Immunity 13:633-642
(2000); Kumanogoh et al., J Immunol 169:1175-1181 (2002);
and Watanabe et al., J Immunol 167:4321-4328 (2001)).

SEMAA4D knock out (SEMA4D-/-) mice have provided
additional evidence that SEMA4D plays an important role in
both humoral and cellular immune responses. There are no
known abnormalities of non-lymphoid tissues in
SEMA4D-/- mice. Dendritic cells (DCs) from the
SEMA4D-/- mice have poor allostimulatory ability and
show defects in expression of costimulatory molecules,
which can be rescued by the addition of sSSEMA4D. Mice
deficient in SEMA4D (SEMA4D—-/-) fail to develop experi-
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mental autoimmune encephalomyelitis induced by myelin
oligodendrocyte glycoprotein peptide, because myelin oligo-
dendrocyte glycoprotein-specific T cells are poorly generated
in the absence of SEMA4D (Kumanogoh et al., J Immunol
169:1175-1181 (2002)). A significant amount of soluble
SEMAA4D is also detected in the sera of autoimmunity-prone
MRL/Ipr mice (model of systemic autoimmune diseases such
as SLE), but not in normal mice. Further, the levels of
sSEMA4D correlate with levels of auto-antibodies and
increase with age (Wang et al., Blood 97:3498-3504 (2001)).
Soluble SEMAA4D has also been shown to accumulate in the
cerebral spinal fluid and sera of patients with demyelinating
disease, and sSSEMA4D induces apoptosis of human pluripo-
tent neural precursors (Dev cells), and both inhibits process
extension and induces apoptosis of rat oligodendrocytes in
vitro (Giraudon et al., J Immunol 172(2):1246-1255 (2004)).
This apoptosis was blocked by an anti-SEMA4D MAb.

1I1. Anti-SEMAA4D Antibodies

Antibodies that bind SEMA4D have been described in the
art. See, for example, US Publ. Nos. 2008/0219971 A1, US
2010/0285036 A1, and US 2006/0233793 Al, International
Patent Applications WO 93/14125, WO 2008/100995, and
WO 2010/129917, and Herold et al., Int. Immunol. 7(1): 1-8
(1995), each of which is herein incorporated in its entirety by
reference.

The invention generally relates to an antibody which spe-
cifically binds to SEMA4D, or an antigen-binding fragment,
variant, or derivative thereof. In certain embodiments, the
antibody binds to an epitope of the present application. In
certain embodiments, the antibody blocks the interaction of
SEMAA4D with one or more of its receptors, e.g., Plexin-B1.
In other embodiments, the antibody prevents the dimerization
of SEMA4D. Anti-SEMA4D antibodies having these prop-
erties can be used in the methods provided herein. Antibodies
that can be used include, but are not limited to MAbs VX15/
2503, 67, and 76 and antigen-binding fragments, variants, or
derivatives thereof which are fully described in US 2010/
0285036 Al. Additional antibodies which can be used in the
methods provided herein include the BD16 and BB18 anti-
bodies described in US 2006/0233793 A1 as well as antigen-
binding fragments, variants, or derivatives thereof; or any of
MAb 301, MAb 1893, MAb 657, MAb 1807, MAb 1656,
MAb 1808, Mab 59, MAb 2191, MAb 2274, MAb 2275,
MAb 2276, MAb 2277, MAb 2278, MAb 2279, MAb 2280,
MAb 2281, MADb 2282, MAb 2283, MAb 2284, and MAb
2285, as well as any fragments, variants or derivatives thereof
as described in US 2008/0219971 Al. In certain embodi-
ments an anti-SEMA4D antibody for use in the methods
provided herein binds human, murine, or both human and
murine SEMA4D. Also useful are antibodies which bind to
the same epitope as any of the aforementioned antibodies
and/or antibodies which competitively inhibit any of the
aforementioned antibodies.

In certain embodiments, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein has an amino acid
sequence that has at least about 80%, about 85%, about 88%,
about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%, or about 95% sequence identity to the amino acid
sequence for a reference anti-SEMA4D antibody molecule,
for example those described above. In a further embodiment,
the binding molecule shares at least about 96%, about 97%,
about 98%, about 99%, or 100% sequence identity to a ref-
erence antibody.
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In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of, or consists of an immunoglobulin heavy chain vari-
able domain (VH domain), where at least one of the CDRs of
the VH domain has an amino acid sequence that is at least
about 80%, about 85%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99%, or identical to CDRI1,
CDR2 or CDR3 of SEQ ID NO: 3 or 4.

In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of, or consists of an immunoglobulin heavy chain vari-
able domain (VH domain), where at least one of the CDRs of
the VH domain has an amino acid sequence that is at least
about 80%, about 85%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99%, or identical to SEQ ID
NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7.

In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of, or consists of an immunoglobulin heavy chain vari-
able domain (VH domain), where at least one of the CDRs of
the VH domain has an amino acid sequence identical, except
for 1, 2, 3, 4, or 5 conservative amino acid substitutions, to
SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7.

In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of, or consists of a VH domain that has an amino acid
sequence that is at least about 80%, about 85%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99%, or 100%
identical to SEQ ID NO: 3 or SEQ ID NO: 4, wherein an
anti-SEMA4D antibody comprising the encoded VH domain
specifically or preferentially binds to SEMA4D.

In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of] or consists of an immunoglobulin light chain vari-
able domain (VL domain), where at least one of the CDRs of
the VL. domain has an amino acid sequence that is at least
about 80%, about 85%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99%, or identical to CDRI1,
CDR2 or CDR3 of SEQ ID NO: 8 or 9.

In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of] or consists of an immunoglobulin light chain vari-
able domain (VL domain), where at least one of the CDRs of
the VL. domain has an amino acid sequence that is at least
about 80%, about 85%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99%, or identical to SEQ ID
NO: 10, SEQ ID NO: 11, or SEQ ID NO: 12.

In another embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of] or consists of an immunoglobulin light chain vari-
able domain (VL domain), where at least one of the CDRs of
the VL domain has an amino acid sequence identical, except
for 1, 2, 3, 4, or 5 conservative amino acid substitutions, to
SEQ ID NO: 10, SEQ ID NO: 11, or SEQ ID NO: 12.

In a further embodiment, an anti-SEMA4D antibody or
antigen-binding fragment, variant, or derivative thereof use-
ful in the methods provided herein comprises, consists essen-
tially of, or consists of a VL, domain that has an amino acid
sequence that is at least about 80%, about 85%, about 90%,
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about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99%, or 100%
identical to SEQ ID NO: 8 or SEQ ID NO: 9, wherein an
anti-SEMA4D antibody comprising the encoded VL. domain
specifically or preferentially binds to SEMA4D.

Also included for use in the methods provided herein are
polypeptides encoding anti-SEM A4D antibodies, or antigen-
binding fragments, variants, or derivatives thereof as
described herein, polynucleotides encoding such polypep-
tides, vectors comprising such polynucleotides, and host cells
comprising such vectors or polynucleotides, all for producing
anti-SEMA4D antibodies, or antigen-binding fragments,
variants, or derivatives thereof for use in the methods
described herein.

Suitable biologically active variants of the anti-SEMA4D
antibodies of the invention can be used in the methods of the
present invention. Such variants will retain the desired bind-
ing properties of the parent anti-SEMA4D antibody. Methods
for making antibody variants are generally available in the art.

Methods for mutagenesis and nucleotide sequence alter-
ations are well known in the art. See, for example, Walker and
Gaastra, eds. (1983) Techniques in Molecular Biology (Mac-
Millan Publishing Company, New York); Kunkel, Proc. Natl.
Acad. Sci. USA 82:488-492 (1985); Kunkel et al., Methods
Enzymol. 154:367-382 (1987); Sambrook et al. (1989)
Molecular Cloning: A Laboratory Manual (Cold Spring Har-
bor, N.Y.); U.S. Pat. No. 4,873,192; and the references cited
therein; herein incorporated by reference. Guidance as to
appropriate amino acid substitutions that do not affect bio-
logical activity of the polypeptide of interest may be found in
the model of Dayhoft et al. (1978) in Atlas of Protein
Sequence and Structure (Natl. Biomed. Res. Found., Wash-
ington, D.C.), pp. 345-352, herein incorporated by reference
in its entirety. The model of Dayhoff et al. uses the Point
Accepted Mutation (PAM) amino acid similarity matrix
(PAM 250 matrix) to determine suitable conservative amino
acid substitutions. Conservative substitutions, such as
exchanging one amino acid with another having similar prop-
erties, may be preferred. Examples of conservative amino
acid substitutions as taught by the PAM 250 matrix of the
Dayhoff et al. model include, but are not limited to, Gly
<> Ala, Vale lle<s Leu, Asp<> Glu, Lys<> Arg, Asn
<> Gln, and Phe> Trp <> Tyr.

In constructing variants of the anti-SEMA4D binding mol-
ecule, e.g., an antibody or antigen-binding fragment thereof,
polypeptides of interest, modifications are made such that
variants continue to possess the desired properties, e.g., being
capable of specifically binding to a SEMA4D, e.g., human,
murine, or both human and murine SEMA4D, e.g., expressed
on the surface of or secreted by a cell and having SEMA4D
blocking activity, as described herein. Obviously, any muta-
tions made in the DNA encoding the variant polypeptide must
not place the sequence out of reading frame and preferably
will not create complementary regions that could produce
secondary mRNA structure. See EP Patent Application Pub-
lication No. 75,444.

Methods for measuring anti-SEMA4D binding molecule,
e.g., an antibody or antigen-binding fragment, variant, or
derivative thereof, binding specificity include, but are not
limited to, standard competitive binding assays, assays for
monitoring immunoglobulin secretion by T cells or B cells, T
cell proliferation assays, apoptosis assays, ELISA assays, and
the like. See, for example, such assays disclosed in WO
93/14125; Shi et al., Immunity 13:633-642 (2000); Kuman-
ogoh et al., J Immunol 169:1175-1181 (2002); Watanabe et
al., J Immunol 167:4321-4328 (2001); Wang et al., Blood
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97:3498-3504 (2001); and Giraudon et al., J Immunol 172(2):
1246-1255 (2004), all of which are herein incorporated by
reference.

When discussed herein whether any particular polypep-
tide, including the epitopes, constant regions, CDRs, VH
domains, or VL domains disclosed herein, is at least about
65%, about 70%, about 75%, about 80%, about 85%, about
90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, or even
about 100% identical to another polypeptide, the % identity
can be determined using methods and computer programs/
software known in the art such as, but not limited to, the
BESTFIT program (Wisconsin Sequence Analysis Package,
Version 8 for Unix, Genetics Computer Group, University
Research Park, 575 Science Drive, Madison, Wis. 53711).
BESTFIT uses the local homology algorithm of Smith and
Waterman (1981) Adv. Appl. Math. 2:482-489, to find the
best segment of homology between two sequences. When
using BESTFIT or any other sequence alignment program to
determine whether a particular sequence is, for example, 95%
identical to a reference sequence according to the present
invention, the parameters are set, of course, such that the
percentage of identity is calculated over the full length of the
reference polypeptide sequence and that gaps in homology of
up to 5% of the total number of amino acids in the reference
sequence are allowed.

For purposes of the present invention, percent sequence
identity may be determined using the Smith-Waterman
homology search algorithm using an affine gap search with a
gap open penalty of 12 and a gap extension penalty of 2,
BLOSUM matrix of 62. The Smith-Waterman homology
search algorithm is taught in Smith and Waterman (1981)
Adv. Appl. Math. 2:482-489. A variant may, for example,
differ from a reference anti-SEMA4D antibody (e.g., MAb
VX15/2503, 67 or 76, each disclosed in U.S. Patent Appl.
Publication No. US 2010/0285036 A1, which is incorporated
herein by reference in its entirety) by as few as 1 to 15 amino
acid residues, as few as 1 to 10 amino acid residues, such as
6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid
residue.

The constant region of an anti-SEMA4D antibody can be
mutated to alter effector function in a number of ways. For
example, see U.S. Pat. No. 6,737,056B1 and U.S. Patent
Application Publication No. 2004/0132101A1, which dis-
close Fc mutations that optimize antibody binding to Fc
receptors.

In certain anti-SEMA4D antibodies or fragments, variants
or derivatives thereof useful in the methods provided herein,
the Fc portion can be mutated to decrease effector function
using techniques known in the art. For example, the deletion
or inactivation (through point mutations or other means) of a
constant region domain can reduce Fc receptor binding of the
circulating modified antibody thereby increasing tumor
localization. In other cases, constant region modifications
consistent with the instant invention moderate complement
binding and thus reduce the serum half-life. Yet other modi-
fications of the constant region can be used to modify disul-
fide linkages or oligosaccharide moieties that allow for
enhanced localization due to increased antigen specificity or
antibody flexibility. The resulting physiological profile, bio-
availability and other biochemical effects of the modifica-
tions, such as tumor localization, biodistribution and serum
half-life, can easily be measured and quantified using well
known immunological techniques without undue experimen-
tation.

Anti-SEMAA4D antibodies for use in the methods provided
herein include derivatives that are modified, e.g., by the cova-
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lent attachment of any type of molecule to the antibody such
that covalent attachment does not prevent the antibody from
specifically binding to its cognate epitope. For example, but
not by way of limitation, the antibody derivatives include
antibodies that have been modified, e.g., by glycosylation,
acetylation, pegylation, phosphorylation, amidation, deriva-
tization by known protecting/blocking groups, proteolytic
cleavage, linkage to a cellular ligand or other protein, etc. Any
of numerous chemical modifications can be carried out by
known techniques, including, but not limited to specific
chemical cleavage, acetylation, formylation, etc. Addition-
ally, the derivative can contain one or more non-classical
amino acids.

A “conservative amino acid substitution” is one in which
the amino acid residue is replaced with an amino acid residue
having a side chain with a similar charge. Families of amino
acid residues having side chains with similar charges have
been defined in the art. These families include amino acids
with basic side chains (e.g., lysine, arginine, histidine), acidic
side chains (e.g., aspartic acid, glutamic acid), uncharged
polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine), nonpolar side chains (e.g., ala-
nine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histidine). Alternatively,
mutations can be introduced randomly along all or part of the
coding sequence (e.g., an antibody coding sequence or an
epitope coding sequence), such as by saturation mutagenesis,
and the resultant mutants can be screened for biological activ-
ity to identify mutants that retain activity (e.g., the ability to
bind an anti-SEMA4D polypeptide, to block SEMA4D inter-
action with its receptor, or to bind an anti-SEMA4D antibody
or binding fragment thereof).

For example, it is possible to introduce mutations only in
framework regions or only in CDR regions of an antibody
molecule. Introduced mutations can be silent or neutral mis-
sense mutations, i.e., have no, or little, effect on an antibody’s
ability to bind antigen. These types of mutations can be useful
to optimize codon usage, or improve a hybridoma’s antibody
production. Alternatively, non-neutral missense mutations
may alter an antibody’s ability to bind antigen. One of skill in
the art would be able to design and test mutant molecules with
desired properties such as no alteration in antigen binding
activity or alteration in binding activity (e.g., improvements
in antigen binding activity or change in antibody specificity).
Following mutagenesis, the encoded protein may routinely be
expressed and the functional and/or biological activity of the
encoded protein, (e.g., ability to immunospecifically bind at
least one epitope of a SEMA4D polypeptide) can be deter-
mined using techniques described herein or by routinely
modifying techniques known in the art.

In certain embodiments, the anti-SEMA4D antibodies for
use in the methods provided herein comprise at least one
optimized complementarity-determining region (CDR). By
“optimized CDR” is intended that the CDR has been modified
and optimized to improve binding affinity and/or anti-
SEMAA4D activity that is imparted to an anti-SEMA4D anti-
body comprising the optimized CDR. “Anti-SEMA4D activ-
ity” or “SEMA4D blocking activity” can include activity
which modulates one or more of the following activities asso-
ciated with SEMA4D: B cell activation, aggregation and sur-
vival; CD40-induced proliferation and antibody production;
antibody responseto T cell dependent antigens; T cell or other
immune cell proliferation; dendritic cell maturation; demy-
elination and axonal degeneration; apoptosis of pluripotent
neural precursors and/or oligodendrocytes; induction of
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endothelial cell migration; inhibition of spontaneous mono-
cyte migration; binding to cell surface Plexin-B1 or other
receptor, or any other activity association with soluble
SEMA4D or SEMAA4D that is expressed on the surface of
SEMAA4D+ cells. Anti-SEMA4D activity can also be attrib-
uted to a decrease in incidence or severity of diseases associ-
ated with SEMA4D expression, including, but not limited to,
certain types of cancers including lymphomas, autoimmune
diseases, inflammatory diseases including central nervous
system (CNS) and peripheral nervous system (PNS) inflam-
matory diseases, transplant rejections, and invasive angio-
genesis. Examples of optimized antibodies based on murine
anti-SEMA4D MAbs BD16 and BB18, were described in US
Publ. No. 2008/0219971 A1, International Patent Application
WO 93/14125 and Herold et al., Int. Immunol. 7(1): 1-8
(1995), each of which are herein incorporated by reference in
their entirety. The modifications may involve replacement of
amino acid residues within the CDR such that an anti-
SEMAA4D antibody retains specificity for the SEMA4D anti-
gen and has improved binding affinity and/or improved anti-
SEMAA4D activity.

IV. Binding Characteristics of Anti-SEMA4D
Antibodies

The invention generally relates to a binding agent, such as
an antibody which specifically binds to SEMA4D, or an
antigen-binding fragment, variant, or derivative thereof. In
certain embodiments, the binding agent binds to an epitope of
the present application. The nucleotide and amino acid
sequences for one variant of SEMAA4D are set forth in SEQ ID
NO:13 and SEQ ID NO:14, respectively, and for another
variant of SEMA4D are set forth in SEQ ID NO: 15 and SEQ
ID NO: 16. In some embodiments, the anti-SEMA4D anti-
body designated as VX15/2503 is provided. Antibodies that
have the binding characteristics of antibody VX15/2503 are
also disclosed herein. Such antibodies include, but are not
limited to, antibodies that compete in competitive binding
assays with VX15/2503, as well as antibodies that bind to an
epitope (defined below) capable of binding VX15/2503.
Methods for assessing whether antibodies have the same or
similar binding characteristics include traditional quantita-
tive methods such as, for example, determining and compar-
ing antibody affinity or avidity for the antigenic epitope (e.g.,
SEMAA4D peptide). Other exemplary methods for comparing
the binding characteristics of antibodies include competitive
western blotting, enzyme immunoassays, ELISA, and flow
cytometry. Methods for assessing and comparing antibody-
antigen binding characteristics are well known in the art.
Variants and fragments of VX 15/2503 that retain the ability to
specifically bind to SEMA4D are also provided.

Anti-SEMA4D antibodies, or antigen-binding fragments,
variants, or derivatives thereof disclosed herein may be
described or specified in terms of the epitope(s) or portion(s)
of'an antigen, e.g., a target polypeptide disclosed herein (e.g.,
SEMAA4D) that they recognize or specifically bind. The por-
tion of a target polypeptide that specifically interacts with the
antigen binding domain of an antibody is an “epitope,” or an
“antigenic determinant.”

In certain embodiments, an “epitope” is intended to be the
part of an antigenic molecule which is used to produce an
antibody and/or to which an antibody will specifically bind. A
“SEMAA4D epitope” comprises the part of the SEMA4D pro-
tein to which an anti-SEMA4D antibody binds. Epitopes can
comprise linear amino acid residues (i.e., residues within the
epitope that are arranged sequentially one after another in a
linear fashion), nonlinear amino acid residues (referred to
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herein as “nonlinear epitopes” or “conformational epitopes”;
these epitopes are not arranged sequentially), or both linear
and nonlinear amino acid residues. Nonlinear epitopes or
conformational epitopes can also include amino acid residues
that contribute to the overall conformation of the recognition
structure of the antibody, but do not necessarily bind the
antibody. Typically, epitopes are short amino acid sequences,
e.g. about five amino acids in length. Systematic techniques
for identifying epitopes are known in the art and are
described, for example, in the examples set forth below.

A target polypeptide can comprise a single epitope, but
typically comprises at least two epitopes, and can include any
number of epitopes, depending on the size, conformation, and
type of antigen. Furthermore, it should be noted that an
“epitope” on a target polypeptide may be or may include
non-polypeptide elements, e.g., an epitope may include a
carbohydrate side chain.

The minimum size of a peptide or polypeptide epitope for
an antibody is thought to be about four to five amino acids.
Peptide or polypeptide epitopes preferably contain at least
seven, more preferably at least nine and most preferably
between at least about 15 to about 30 amino acids. Since a
CDR can recognize an antigenic peptide or polypeptide in its
tertiary form, the amino acids comprising an epitope need not
be contiguous, and in some cases, may not even be on the
same peptide chain. A peptide or polypeptide epitope recog-
nized by anti-SEMA4D antibodies of the present invention
may contain a sequence of at least 4, at least 5, at least 6, at
least 7, more preferably at least 8, at least 9, at least 10, at least
15, at least 20, at least 25, or between about 15 to about 30
contiguous or non-contiguous amino acids of SEMA4D.

In certain embodiments, the epitope has at least 80%, 85%,
90%, 95%, or 100% identity to a target polypeptide amino
acid sequence (e.g., the sequence set forth in SEQ ID NO:18,
SEQ ID NO:20 or SEQ ID NO:22).

In certain embodiments, the epitope is identical to a target
polypeptide amino acid sequence (e.g., the sequence set forth
in SEQ IDNO:18, SEQ ID NO:20, or SEQ ID NO:22) except
for4,3,2, 1 or 0 amino acid substitutions. In another embodi-
ment, the epitope is identical to a target polypeptide amino
acid sequence (e.g., the sequence set forth in SEQ ID NO:18,
SEQ ID NO:20, or SEQ ID NO:22) except for conservative
amino acid substitutions (e.g., 10,9,8,7,6,5,4,3,2,10r0
conservative amino acid substitutions).

In certain embodiments, the epitope comprises a sequence
set forth in SEQ ID NO:18, SEQ ID NO:20, or SEQ ID
NO:22. In another embodiment, the epitope is the sequence
set forth in SEQ ID NO:18, SEQ ID NO:20, or SEQ ID
NO:22. In certain embodiments, the epitope is a linear
epitope. In certain embodiments, the epitope is a conforma-
tional epitope.

In certain embodiments, the epitope comprises, consists
essentially of, or consists of LKVPVFYALFTPQLNNV
(SEQ ID NO: 18, corresponding to residues 304 through 320
of the full-length SEMA4D amino acid sequence set forth in
SEQ ID NO:1), KWTSFLKARLIASRP (SEQ ID NO: 20,
corresponding to residues 270 through 284 of the full-length
SEMAA4D amino acid sequence set forth in SEQ ID NO:1,
wherein position 281 can be a cysteine or an alanine), or
EFVFRVLIPRIARYV (SEQ ID NO:22; corresponding to resi-
dues 243 through 256 of the full-length SEMA4D amino acid
sequence set forth in SEQ ID NO:1). In certain embodiments,
the epitope comprises one or more of the amino acid
sequences set forth in SEQ ID NO: 18, 20 and 22. In certain
embodiments, the epitope is a discontinuous epitope com-
prised in the domain spanning amino acid residues 243 to 320
of SEQ ID NO:1.
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By “specifically binds,” it is generally meant that an anti-
body binds to an epitope via its antigen binding domain, and
that the binding entails some complementarity between the
antigen binding domain and the epitope. According to this
definition, an antibody is said to “specifically bind” to an
epitope when it binds to that epitope, via its antigen binding
domain, more readily than it would bind to a random, unre-
lated epitope. The term “specificity” is used herein to qualify
the relative affinity by which a certain antibody binds to a
certain epitope. For example, antibody “A” may be deemed to
have a higher specificity for a given epitope than antibody
“B,” or antibody “A” may be said to bind to epitope “C” with
a higher specificity than it has for related epitope “D.”

By “preferentially binds,” it is meant that the antibody
specifically binds to an epitope more readily than it would
bind to a related, similar, homologous, or analogous epitope.
Thus, an antibody that “preferentially binds” to a given
epitope would more likely bind to that epitope than to a
related epitope, even though such an antibody may cross-
react with the related epitope.

By way of non-limiting example, an antibody may be con-
sidered to bind a first epitope preferentially ifit binds said first
epitope with a dissociation constant (K ) that is less than the
antibody’s K, for the second epitope. In another non-limiting
example, an antibody may be considered to bind a first
epitope preferentially if it binds the first epitope with an
affinity that is at least one order of magnitude less than the
antibody’s K, for the second epitope. In another non-limiting
example, an antibody may be considered to bind a first
epitope preferentially if it binds the first epitope with an
affinity that is at least two orders of magnitude less than the
antibody’s K, for the second epitope.

In another non-limiting example, an antibody may be con-
sidered to bind a first epitope preferentially if it binds the first
epitope with an off rate (k(off)) that is less than the antibody’s
k(off) for the second epitope. In another non-limiting
example, an antibody may be considered to bind a first
epitope preferentially if it binds the first epitope with a k(oft)
that is at least one order of magnitude less than the antibody’s
k(off) for the second epitope. In another non-limiting
example, an antibody may be considered to bind a first
epitope preferentially if it binds the first epitope with a k(oft)
that is at least two orders of magnitude less than the anti-
body’s k(off) for the second epitope. An antibody or antigen-
binding fragment, variant, or derivative disclosed herein may
be said to bind a target polypeptide disclosed herein (e.g.,
SEMAA4D, e.g., human, murine, or both human and murine
SEMAA4D) or a fragment or variant thereof with an off rate
(k(off)) of less than or equal to 5x1072 sec™*, 1072 sec™?,
5x107> sec™ or 107> sec™!. More preferably, an antibody of
the invention may be said to bind a target polypeptide dis-
closed herein (e.g., SEMA4D, e.g., human, murine, or both
human and murine SEMA4D) or a fragment or variant thereof
with an off rate (k(off)) less than or equal to 5x107* sec™!,
107* sec™!, 5x107° sec™!, or 107° sec™!, 5x107% sec™!, 107°
sec™?, 51077 sec™ or 1077 sec™.

An antibody or antigen-binding fragment, variant, or
derivative disclosed herein may be said to bind a target
polypeptide disclosed herein (e.g., SEMA4D, e.g., human,
murine, or both human and murine SEMA4D) or a fragment
or variant thereof with an on rate (k(on)) of greater than or
equal to 10° M~! sec™?, 5x10°> M~* sec™, 10* M~! sec™" or
5x10* M~! sec™. More preferably, an antibody of the inven-
tion may be said to bind a target polypeptide disclosed herein
(e.g., SEMAA4D, e.g., human, murine, or both human and
murine SEMA4D) or a fragment or variant thereof with an on
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rate (k(on)) greater than or equal to 10° M~ sec™, 5x10° M™*
sec™!, 108 Mt sec™!, or 5x10° M~ sec ! or 10" M~! sec™L.

An antibody is said to competitively inhibit binding of a
reference antibody to a given epitope if it preferentially binds
to that epitope to the extent that it blocks, to some degree,
binding of the reference antibody to the epitope. Competitive
inhibition may be determined by any method known in the art,
for example, competition ELISA assays. An antibody may be
said to competitively inhibit binding of the reference antibody
to a given epitope by at least 90%, at least 80%, at least 70%,
at least 60%, or at least 50%.

As used herein, the term “affinity” refers to a measure of
the strength of the binding of an individual epitope with the
CDR of an immunoglobulin molecule. See, e.g., Harlow et al.
(1988) Antibodies: A Laboratory Manual (Cold Spring Har-
bor Laboratory Press, 2nd ed.) pages 27-28. As used herein,
the term “avidity” refers to the overall stability of the complex
between a population of immunoglobulins and an antigen,
that is, the functional combining strength of an immunoglo-
bulin mixture with the antigen. See, e.g., Harlow at pages
29-34. Avidity is related to both the affinity of individual
immunoglobulin molecules in the population with specific
epitopes, and also the valencies of the immunoglobulins and
the antigen. For example, the interaction between a bivalent
monoclonal antibody and an antigen with a highly repeating
epitope structure, such as a polymer, would be one of high
avidity.

Anti-SEMA4D antibodies or antigen-binding fragments,
variants, or derivatives thereof of the invention may also be
described or specified in terms of their cross-reactivity. As
used herein, the term “cross-reactivity” refers to the ability of
an antibody, specific for one antigen, to react with a second
antigen; a measure of relatedness between two different anti-
genic substances. Thus, an antibody is cross reactive if it
binds to an epitope other than the one that induced its forma-
tion. The cross reactive epitope generally contains many of
the same complementary structural features as the inducing
epitope, and in some cases, may actually fit better than the
original.

For example, certain antibodies have some degree of cross-
reactivity, in that they bind related, but non-identical epitopes,
e.g., epitopes with at least 95%, at least 90%, at least 85%, at
least 80%, at least 75%, at least 70%, at least 65%, at least
60%, at least 55%, and at least 50% identity (as calculated
using methods known in the art and described herein) to a
reference epitope. An antibody may be said to have little or no
cross-reactivity if it does not bind epitopes with less than
95%, less than 90%, less than 85%, less than 80%, less than
75%, less than 70%, less than 65%, less than 60%, less than
55%, and less than 50% identity (as calculated using methods
known in the art and described herein) to a reference epitope.
An antibody may be deemed “highly specific” for a certain
epitope, if it does not bind any other analog, ortholog, or
homolog of that epitope.

Anti-SEMAA4D binding molecules, e.g., antibodies or anti-
gen-binding fragments, variants or derivatives thereof, of the
invention may also be described or specified in terms of their
binding affinity to a polypeptide of the invention, e.g.,
SEMAA4D, e.g., human, murine, or both human and murine
SEMAA4D. Preferred binding affinities include those with a
dissociation constant or Kd less than 5x1072 M, 1072 M,
5%107 M, 107> M, 5x107* M, 107* M, 5x10™ M, 10~ M,
5%x107° M, 107° M, 5x10~7 M, 1077 M, 5x10-%M, 10-*M,
5%x107° M, 107" M, 5x107'° M, 1079 M, 5x10~"' M, 10~ M,
5x1072 M, 10712 M, 5x107"* M, 107" M, 5x107"* M, 10~"*
M, 5x10715 M, or 107 M. In certain embodiments, the anti-
SEMAA4D binding molecule, e.g., an antibody or antigen
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binding fragment thereof, of the invention binds human
SEMA4D with a Kd of about 5x107° to about 6x107°. In
another embodiment, the anti-SEMA4D binding molecule,
e.g., an antibody or antigen binding fragment thereof, of the
invention binds murine SEMA4D with a Kd of about 1x10~°
to about 2x10~°

Antibodies that recognize the epitope of anti-SEMA4D
antibody VX15/2503 are provided herein. In some embodi-
ments, the epitope sequence can comprise at least one of, and
in some embodiments, all of, the amino acid sequences
encoded by SEQ ID NO: 17, 19 and 21. In these embodi-
ments, the epitope sequence can comprise at least one of, and
in some embodiments, all of, SEQ ID NO: 18, 20 and 22. In
some of these embodiments, the epitope comprises at least
one of, and in some embodiments, all of, the following
sequences: SEQID NO:18 at the amino acid residue positions
corresponding to positions 304 through 320 of SEQ ID NO:1,
14 or 16; SEQ ID NO:20 at the amino acid residue positions
corresponding to positions 270 through 284 of SEQ ID NO:1,
14 or 16, wherein the cysteine at position 281 is replaced with
alanine; and SEQ ID NO:22 at the amino acid residue posi-
tions corresponding to positions 243 through 256 of SEQ ID
NO: 1, 14 or 16.

The invention may also encompass isolated polypeptides
comprising an epitope for binding an anti-SEMA4D antibody
of the invention. These polypeptides correspond to a portion
of the SEMAA4D antigen that binds to antibody VX15/2503.
Such polypeptides find use in methods for producing or
detecting antibodies that selectively bind to SEMA4D. The
ability of a polypeptide to be used in the production or detec-
tion of antibodies is referred to herein as “antigenic activity.”
For example, in one embodiment, the isolated polypeptide
comprises an epitope for binding an anti-SEMA4D antibody
that comprises at least one of, and in some embodiments, all
of, SEQID NO: 18,20 and 22. In some of these embodiments,
the epitope comprises at least one of, and in some embodi-
ments, all of, the following sequences: SEQ ID NO:18 at the
amino acid residue positions corresponding to positions 304
through 320 of SEQ ID NO:1, 14 or 16; SEQ ID NO:20 at the
amino acid residue positions corresponding to positions 270
through 284 of SEQ ID NO:1, 14 or 16, wherein the cysteine
at position 281 is replaced with alanine; and SEQ ID NO:22
atthe amino acid residue positions corresponding to positions
243 through 256 of SEQ ID NO:1, 14 or 16.

In accordance with some embodiments, the invention may
also encompass variants and/or fragments of the sequences
set forth in SEQ ID NO: 18, 20 and/or 22, or combinations
thereof that retain the antigenic activity of the original
polypeptide. The invention may, in some embodiments,
include isolated nucleic acid molecules that encode a
polypeptide that comprises an epitope sequence set forth in
SEQ ID NO: 18, 20 or 22, or combinations thereof, and
variants and/or fragments thereof.

In accordance with some embodiments, the invention may
also encompass cancer peptide vaccines that incorporate
SEMAA4D peptides in a pharmaceutical composition or as a
fusion protein to stimulate a strong and effective antibody
and/or cellular immune responses to SEMA4D. Specifically,
the invention may encompass peptide vaccines comprised of
atleast one of, and in some embodiments, all of, the following
sequences: SEQID NO:18 at the amino acid residue positions
corresponding to positions 304 through 320 of SEQ ID NO:1,
14 or 16; SEQ ID NO:20 at the amino acid residue positions
corresponding to positions 270 through 284 of SEQ ID NO:1,
14 or 16, wherein the cysteine at position 281 is replaced with
alanine, and SEQ ID NO:22 at the amino acid residue posi-
tions corresponding to positions 243 through 256 of SEQ ID

40

45
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NO:1, 14 or 16. The present invention may also relate to
pharmaceutical compositions containing the peptide vac-
cines. The vaccines may be used for the treatment of cancers
which express target proteins, such as SEMA4D. These vac-
cines are likely to induce a strong, comprehensive immune
response against the target proteins, and thereby induce an
immune reaction against tumors expressing such target pro-
teins.

All of the references cited above, as well as all references
cited herein, are incorporated herein by reference in their
entireties.

The following examples are offered by way of illustration
and not by way of limitation.

EXAMPLES
Example 1
Method of Epitope Mapping

Epitope mapping was performed to identify the linear or
non-linear, discontinuous amino acid sequence within an
antigenic protein that is recognized by a particular mono-
clonal antibody. A general approach for epitope mapping
requires the expression of the full-length protein, as well as
various fragments (i.e., truncated forms, or peptides) of the
protein, generally in a heterologous expression system (e.g.,
RTS System, “Rapid Translation System” Roche Applied
Science). These various recombinant proteins and fragments
thereof (e.g., fused with an N-terminal protein (e.g., GFP))
were then used to determine if the specific monoclonal anti-
body was capable of binding to one or more of the truncated
forms of the target protein. Through the use of reiterative
truncation and the generation of recombinant peptides with
overlapping amino acid regions, it was possible to identify the
region of the target protein (e.g., SEMA4D) that was recog-
nized by the monoclonal antibody under investigation
(VX15/2503). Western blot analysis, ELISA, or immunopre-
cipitation was employed to determine if the specific mono-
clonal antibody under investigation is capable of binding one
or more of the recombinant protein fragments. This approach
was ultimately used to identify the peptide regions that con-
tained the epitope(s) and, in some cases, to refine the
epitope(s) precisely to an approximately 5-15 amino acid
sequence. An epitope can be a continuous linear sequence
approximately 5-15 amino acids in length, nonlinear (e.g.,
discontinuous with the antibody binding to a site on the pro-
tein composed of different sections of the peptide chain), or
both linear and nonlinear.

Example 2

Characterization of the Epitopes of VX15/2503
Antibodies

Epitope mapping for anti-SEMA4D antibody VX15/2503
was carried out essentially via the iterative process described
above unless indicated otherwise. Further mapping was per-
formed using CLIPS™ (Chemical Linkage of Immunogenic
Peptides on Scaffolds) technology (available from Pepscan
Presto) to map the conformational epitopes, where various
peptides were chemically linked in order to produce synthetic
scatfold peptides that mimic complex protein structures (e.g.,
secondary and tertiary structures) and juxtapose non-adjacent
regions of the polypeptide to reconstruct the discontinuous
epitope. (Meloen et al. (1997) Epitope mapping by PEP-
SCAN. In: Immunology Methods Manual, Ed. Ivan Letko-



US 9,090,709 B2

21

vits, Academic Press, pp 982-988). These synthetic scaffold
peptides were analyzed by immunoassays for binding to the
VX15/2503 monoclonal antibody. Alanine-scanning
mutagenesis of the regions highlighted by the CLIPS™
analysis, in combination with immunoassays to measure the
effects of the mutations on antibody binding, allowed for the
identification of those residues that were important for the
recognition by the anti-SEMA4D antibody VX15/2503.

Initial studies using the iterative process described above
identified the epitope of the monoclonal antibody designated
as VX15/2503 as LKVPVFYALFTPQLNNYV (SEQ ID NO:
18, corresponding to residues 304 through 320 of the full-
length SEMA4D amino acid sequence set forth in SEQ ID
NO:1), KWTSFLKARLIASRP (SEQ ID NO: 20, corre-
sponding to residues 270 through 284 of the full-length
SEMAA4D amino acid sequence set forth in SEQ ID NO:1,
wherein the cysteine at position 281 was replaced with ala-
nine during synthesis of the peptide), and EFVFRVLIPRI-
ARV (SEQ ID NO:22; corresponding to residues 243 through
256 of the full-length SEMA4D amino acid sequence set
forth in SEQ ID NO:1). The CLIPS™ analysis and alanine-
scanning mutagenesis indicated that the most important
sequence needed for binding of the VX15/2503 antibody to
SEMAA4D was the EFVFRVLIPRIARYV sequence (SEQ ID
NO:22).

The binding region in SEMA4D for the anti-SEMA4D
antibody VX15/2503 was determined to be a conformational
epitope. These three sequences were all part of the SEMA
domain of the protein. More specifically, when analyzed in
conjunction with the crystal structure of SEMA4D (Love, C
A et al, “The ligand-binding face of the semaphorins

10
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revealed by the high-resolution crystal structure of
SEMAA4D” Nature Structural Biology, 10, 843-848, 2003),
these three sequences were all located within one larger
region that can form one discontinuous epitope on SEMA4D
(e.g., residues 243 through 320 of SEQ ID NO:1).

Analysis of the binding region in SEMA4D for the anti-
SEMAA4D antibody VX15/2503 provided insight into the
mechanism by which the VX15/2503 antibody interacts with
SEMAA4D. For instance, analysis revealed that the three
epitope sequences were located within the homodimerization
site of SEMA4D. Since homodimerization is known to be
important in Semaphorin-Plexin signaling, binding of VX15/
2503 antibody to this site suggests that VX15/2503 may inter-
fere with homodimerization as a potential mechanism to
block SEMAA4D signaling. Furthermore, the epitope
sequences were also located at the border of the binding
interface of SEMA4D and its ligand, Plexin-B1 (Janssen, B J
C et al. “Structural basis of semaphorin-plexin signalling.”
Nature, 467, 1118-1122, 2010), suggesting that VX15/2503
may hinder binding of SEMA4D to its receptor, Plexin-B1.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the art
to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims and list of embodiments disclosed herein. Although
specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 862
TYPE: PRT
ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Arg Met Cys Thr Ile

1 5

Leu Leu Met

10

Pro Arg Gly

Met Phe Gly Thr Ala Met Ala Phe Ala Pro Ile Pro

Glu Glu Val Val

40

His Arg His Leu Gln Phe His Glu

35 45

Ala Leu Ser Glu

55

Asn Tyr Ser Leu Leu

50

Asp Lys Asp

60
Ala Glu

Ala Val

70

Phe Ala Val Ala

75

Gly Asn Leu

65

Arg

Lys Gln His Glu Val Tyr Trp Lys Val Ser Glu Asp

Ala Glu Gln

105

Cys Lys Ser Thr Glu

100

Gly Lys Lys Cys

Val Gln Ala

120

Leu Pro Leu Ser Thr Ser Leu

115

Arg Tyr

Ala
130

Phe Gln Ala Leu

140

Asn Pro Cys His Leu Asn

135

Asp

Phe
145

Glu
150

Leu Gly Lys Asn Asp Gly Lys Gly Arg

155

Cys

Ala

Arg

Pro

Thr

Asn

Lys

Leu

Val

125

Thr

Pro

Leu

Ile

Asp

Leu

Ile

Lys

Asn

Ala
15

Val
Thr Trp
Ile Tyr
Tyr Ile

Glu
80

Ser
Ala Lys

Tyr Ile

110

Cys

Ser

Phe

Gly Thr

Phe

Lys

Pro
160

Asp
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-continued

24

Ala

Thr

Ser

Pro

Asp

225

Glu

Cys

Ser

Lys

305

Gly

Phe

Thr

Ala

Asn

385

Asp

Asp

Gly

Gln
465

Lys

Gln

Cys

Glu
545

Tyr

His

Ser

His

Ser

210

Gly

Tyr

Lys

Phe

Phe

290

Val

Leu

Ser

Lys

Cys

370

Leu

Asp

Val

Thr

Lys

450

Leu

Lys

Ala

Leu

Val
530

Met

Arg

Ser

Tyr

Ser

195

Phe

Glu

Glu

Gly

Leu

275

Asn

Pro

Ser

His

Trp

355

Ile

Pro

Ser

Asn

Val

435

Ala

Phe

Gly

Pro

Ala
515
Ala

Ser

Gln

Tyr

Asn

180

Pro

Val

Asp

Phe

Asp

260

Lys

Val

Val

Ala

Gly

340

Val

Asp

Asp

Val

Tyr

420

Tyr

Ile

Gln

Asn

Leu

500

Arg

Leu

Gly

His

Thr

165

Phe

Leu

Phe

Asp

Val

245

Gln

Ala

Leu

Phe

Val

325

Lys

Arg

Ser

Lys

Thr

405

Thr

Asp

Ser

Asp

Arg

485

Ala

Asp

His

Asp

Phe
565

Ser

Leu

Arg

Ala

Arg

230

Phe

Gly

Arg

Arg

Tyr

310

Cys

Tyr

Tyr

Glu

Thr

390

Pro

Gln

Val

Leu

Phe

470

Phe

Phe

Pro

Gln

Ala

550

Phe

Val

Gly

Thr

Asp

215

Val

Arg

Gly

Leu

Asp

295

Ala

Ala

Met

Asn

Ala

375

Leu

Ile

Ile

Met

Glu

455

Glu

Val

Cys

Tyr

Thr
535

Ser

Lys

Met

Ser

Glu

200

Val

Tyr

Val

Leu

Ile

280

Val

Leu

Tyr

Gln

Gly

360

Arg

Gln

Asp

Val

Phe

440

His

Pro

Tyr

Gly

Cys

520

Glu

Val

His

Val

Glu

185

Tyr

Ile

Phe

Leu

Arg

265

Cys

Phe

Phe

Asn

Ser

345

Pro

Ala

Phe

Asn

Val

425

Val

Ala

Val

Ala

Lys

505

Ala

Ser

Cys

Gly

Asp

170

Pro

Ala

Arg

Phe

Ile

250

Thr

Ser

Val

Thr

Leu

330

Thr

Val

Ala

Val

Arg

410

Asp

Ser

Val

Gln

Gly

490

His

Trp

Pro

Pro

Gly
570

Gly

Ile

Ile

Lys

Phe

235

Pro

Leu

Arg

Leu

Pro

315

Ser

Thr

Pro

Asn

Lys

395

Pro

Arg

Thr

His

Thr

475

Ser

Gly

Ser

Ser

Asp
555

Thr

Glu

Ile

Pro

Ser

220

Thr

Arg

Gln

Pro

Arg

300

Gln

Thr

Val

Lys

Tyr

380

Asp

Arg

Thr

Asp

Ile

460

Leu

Asn

Thr

Pro

Arg
540

Lys

Ala

Leu

Ser

Trp

205

Pro

Glu

Ile

Lys

Asp

285

Ser

Leu

Ala

Glu

Pro

365

Thr

His

Leu

Gln

Arg

445

Ile

Leu

Ser

Cys

Pro
525
Gly

Ser

Glu

Tyr

Arg

190

Leu

Asp

Val

Ala

Lys

270

Ser

Pro

Asn

Glu

Gln

350

Arg

Ser

Pro

Ile

Ala

430

Gly

Glu

Leu

Gly

Glu

510

Thr

Leu

Lys

Leu

Ser

175

Asn

Asn

Ser

Ser

Arg

255

Trp

Gly

Gly

Asn

Glu

335

Ser

Pro

Ser

Leu

Lys

415

Leu

Ala

Glu

Ser

Val

495

Asp

Ala

Ile

Gly

Lys
575

Gly

Ser

Glu

Pro

Val

240

Val

Thr

Leu

Leu

Val

320

Val

His

Gly

Leu

Met

400

Lys

Asp

Leu

Thr

Ser

480

Val

Cys

Thr

Gln

Ser
560

Cys
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-continued

26

Ser

Leu

Leu

625

Lys

Thr

Leu

Ala

Gly

705

Met

Tyr

Ser

Arg

785

Gln

Thr

Ser

Lys

Gln

Leu

Leu

610

Ser

His

Leu

Val

Thr

690

Thr

Ser

Ser

Asn

Ala

770

Glu

Gln

Glu

Gln

Cys
850

Lys

Lys

595

Ile

Glu

Val

Ser

Ala

675

Ser

Ser

Glu

Leu

Cys

755

Leu

Gln

Asn

Gln

Arg

835

Glu

Ser

580

Ala

Phe

Glu

Leu

Val

660

Ser

Ser

Cys

Lys

Phe

740

Tyr

Leu

Ser

Gly

Asp

820

Ile

Leu

Asn

Glu

Asn

Arg

Glu

645

Val

Thr

Gly

Glu

Thr

725

Leu

Lys

Ile

Leu

Glu

805

Thr

Asp

Lys

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Murine sp.

PRT

<400> SEQUENCE:

Met Arg Met Cys

1

Val

Glu

Asn

Gly

65

Lys

Leu

His

Tyr

50

Ala

Gln

Arg

Gly

35

Ser

Arg

His

Thr

20

Glu

Ala

Glu

Glu

861

2

Ala

5

Ala

Val

Leu

Ala

Val
85

Leu

Ser

Leu

Val

630

Val

Gln

Gln

Ala

Pro

710

Met

Phe

Gly

Gly

Lys

790

His

Ile

Asp

Phe

Pro

Val

Gly

Leu

Val

70

Tyr

Ala

Pro

Ser

615

Lys

Lys

Thr

Gly

Ile

695

Lys

Tyr

Phe

Tyr

Lys

775

Glu

Pro

Thr

Leu

Ala
855

Val

Ala

Leu

Met

55

Phe

Trp

Arg

Lys

600

Glu

Asn

Val

Glu

Ser

680

Thr

Ile

Leu

Phe

Leu

760

Lys

Thr

Lys

Ser

Ser

840

Asp

Arg

Phe

Val

40

Ser

Ala

Lys

Val

585

Tyr

Gly

Lys

Val

Gly

665

Ser

Leu

Val

Lys

Val

745

Pro

Lys

Leu

Pro

Lys

825

Ala

Ser

Gly

Ala

25

Gln

Glu

Val

Val

Phe

Gly

Asp

Thr

Pro

650

Ser

Pro

Pro

Ile

Ser

730

Leu

Arg

Pro

Val

Ala

810

Val

Arg

Asp

Leu

10

Pro

Phe

Asp

Asn

Ser
90

Trp

Leu

Ser

Val

635

Lys

Arg

Pro

Pro

Asn

715

Ser

Phe

Gln

Lys

Glu

795

Leu

Pro

Asp

Ala

Phe

Val

His

Lys

Ala

75

Glu

Lys

Met

Gly

620

Phe

Pro

Ile

Thr

Lys

700

Thr

Asp

Leu

Cys

Ser

780

Pro

Asp

Thr

Lys

Asp
860

Leu

Pro

Lys

Asp

60

Leu

Asp

Phe

Gly

605

Val

Gln

Val

Ala

Pro

685

Pro

Val

Asn

Cys

Leu

765

Asp

Gly

Thr

Asp

Pro

845

Gly

Ala

Arg

Pro

45

Thr

Asn

Lys

Gln

590

Arg

Tyr

Val

Val

Thr

670

Ala

Ala

Pro

Arg

Leu

750

Lys

Phe

Ser

Gly

Arg

830

Phe

Asp

Leu

Leu

30

Gly

Leu

Ile

Lys

Asn

Lys

Gln

Val

Ala

655

Lys

Val

Pro

Gln

Leu

735

Phe

Phe

Cys

Phe

Tyr

815

Glu

Asp

Val

15

Thr

Ile

Tyr

Ser

Ser
95

Gly

Asn

Cys

Ala

640

Pro

Val

Gln

Thr

Leu

720

Leu

Phe

Arg

Asp

Ser

800

Glu

Asp

Val

Val

Trp

Phe

Val

Glu

80

Lys
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28

Cys

Arg

Asn

Phe

145

Ala

Thr

Ser

Pro

Glu

225

Glu

Cys

Ser

Lys

305

Gly

Phe

Thr

Ala

Asn

385

Asp

Asp

Gly

Gln
465

Lys

Gln

Ala

Val

Ala

130

Leu

His

Ser

His

Ser

210

Gly

Tyr

Lys

Phe

Phe

290

Glu

Leu

Ser

Lys

Cys

370

Leu

Asp

Val

Thr

Lys

450

Leu

Lys

Ala

Glu

Leu

115

Phe

Gly

Ser

Tyr

Ser

195

Phe

Glu

Glu

Gly

Leu

275

Asn

Pro

Ser

Arg

Trp

355

Ile

Pro

Ser

Asn

Phe

435

Ala

Phe

Gly

Pro

Lys

100

Gln

Gln

Lys

Tyr

Asn

180

Pro

Val

Asp

Phe

Asp

260

Lys

Ile

Val

Ala

Gly

340

Val

Asp

Asp

Val

Tyr

420

Tyr

Val

Arg

Arg

Leu
500

Gly

Pro

Pro

Ser

Thr

165

Phe

Leu

Phe

Asp

Val

245

Gln

Ala

Leu

Phe

Val

325

Lys

Arg

Ser

Lys

Thr

405

Thr

Asp

Ile

Asp

Lys

485

Ala

Lys

Leu

Thr

Glu

150

Ser

Leu

Arg

Ala

Lys

230

Phe

Gly

Arg

Gln

Tyr

310

Cys

Tyr

Tyr

Glu

Thr

390

Pro

Gln

Val

Leu

Ser
470

Phe

Phe

Ser

Ser

Cys

135

Asp

Val

Gly

Thr

Asp

215

Val

Lys

Gly

Leu

Asp

295

Ala

Ala

Met

Asn

Ala

375

Leu

Ile

Ile

Met

Thr
455
Glu

Val

Cys

Lys

Ser

120

Asp

Gly

Met

Ser

Glu

200

Val

Tyr

Leu

Leu

Ile

280

Val

Val

Tyr

Gln

Gly

360

Arg

Gln

Asp

Val

Phe

440

Lys

Pro

Tyr

Glu

Gln

105

Thr

His

Lys

Val

Glu

185

Tyr

Ile

Phe

Met

Arg

265

Cys

Phe

Phe

Thr

Ser

345

Pro

Ala

Phe

Asn

Val

425

Ile

Glu

Val

Ala

Lys
505

Thr

Ser

Leu

Gly

Gly

170

Pro

Ala

Gln

Phe

Ile

250

Thr

Ser

Val

Thr

Leu

330

Ala

Val

Ala

Val

Arg

410

Asp

Ser

Val

Leu

Gly

490

His

Glu

Leu

Asn

Arg

155

Gly

Ile

Ile

Lys

Phe

235

Pro

Leu

Lys

Leu

Pro

315

Ala

Thr

Pro

Asn

Lys

395

Pro

Arg

Thr

His

Thr
475

Ser

Gly

Cys

Tyr

Leu

140

Cys

Glu

Ile

Pro

Ser

220

Thr

Arg

Gln

Pro

Arg

300

Gln

Thr

Val

Thr

Tyr

380

Asp

Lys

Thr

Asp

Val

460

Leu

Asn

Ser

Leu

Val

125

Thr

Pro

Leu

Ser

Trp

205

Pro

Glu

Val

Lys

Asp

285

Ala

Leu

Val

Glu

Pro

365

Thr

His

Leu

Gln

Arg

445

Ile

Leu

Ser

Cys

Asn

110

Cys

Ser

Phe

Tyr

Arg

190

Leu

Asp

Val

Ala

Lys

270

Ser

Pro

Asn

Glu

Gln

350

Arg

Ser

Pro

Ile

Ala

430

Gly

Glu

Leu

Gly

Glu
510

Tyr

Gly

Phe

Asp

Ser

175

Asn

Asn

Gly

Ser

Arg

255

Trp

Gly

Gly

Asn

Ala

335

Ser

Pro

Ser

Leu

Lys

415

Leu

Ala

Glu

Ser

Val

495

Asp

Ile

Thr

Lys

Pro

160

Gly

Ser

Glu

Pro

Val

240

Val

Thr

Leu

Leu

Val

320

Val

His

Gly

Leu

Met

400

Lys

Asp

Leu

Thr

Ser
480

Val

Cys
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30

Cys

Asp

545

Phe

Phe

Glu

Leu

Leu

625

Lys

Thr

Pro

Ala

Thr

705

Ser

Ser

Asn

Ala

Glu

785

Gln

Glu

Gln

Cys

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Val

530

Met

Asn

Gln

Leu

Leu

610

Ser

His

Ser

Val

Thr

690

Ser

Glu

Leu

Cys

Leu

770

Gln

Asn

Gln

Arg

Glu
850

Ala

515

Thr

Ser

Gln

Lys

Lys

595

Ile

Glu

Val

Glu

Ala

675

Ser

Cys

Lys

Leu

Tyr

755

Leu

Ser

Gly

Asp

Ile

835

Leu

Arg

Leu

Gly

His

Ser

580

Ala

Phe

Glu

Leu

Asp

660

Ser

Pro

Glu

Thr

Leu

740

Lys

Leu

Val

Asp

Thr

820

Asp

Lys

PRT

<400> SEQUENCE:

Asp

His

Asp

Phe

565

Asn

Ala

Asn

Arg

Glu

645

Ala

Thr

Arg

Pro

Val

725

Phe

Gly

Gly

Lys

His

805

Ile

Glu

Phe

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Polypeptide anti-CD100 VH 2503

118

3

Pro

Gln

Thr

550

Phe

Leu

Ser

Leu

Val

630

Val

Gln

Gln

Ala

Lys

710

Tyr

Ile

Tyr

Lys

Glu

790

Pro

Thr

Leu

Ala

Tyr

Glu

535

Ser

Lys

Ala

Pro

Ser

615

Arg

Lys

Thr

Gly

Ala

695

Met

Leu

Phe

Leu

Lys

775

Thr

Lys

Ser

Ser

Asp
855

Cys

520

Glu

Ser

His

Arg

Lys

600

Asp

Asn

Met

Glu

Ser

680

Thr

Val

Lys

Val

Pro

760

Thr

Leu

Pro

Lys

Ala

840

Ser

Ala

Ala

Cys

Gly

Val

585

Tyr

Gly

Lys

Val

Gly

665

Ser

Leu

Ile

Ser

Leu

745

Gly

Pro

Val

Ala

Val

825

Arg

Asp

Trp

Ser

Leu

Gly

570

Val

Gly

Asp

Thr

Pro

650

Ser

Pro

Pro

Asn

Ser

730

Phe

Gln

Lys

Glu

Leu

810

Pro

Asp

Ala

Ser

Ser

Asp

555

Thr

Trp

Phe

Ser

Val

635

Arg

Lys

Pro

Pro

Thr

715

Asp

Leu

Cys

Ser

Pro

795

Asp

Thr

Lys

Asp

Pro

Arg

540

Lys

Ala

Lys

Val

Gly

620

Ser

Thr

Ile

Thr

Lys

700

Val

Asn

Cys

Leu

Asp

780

Gly

Thr

Asp

Pro

Gly
860

Ala

525

Gly

Ser

Glu

Phe

Gly

605

Val

Gln

Pro

Thr

Pro

685

Ser

Pro

Arg

Leu

Lys

765

Phe

Ser

Gly

Arg

Phe

845

Asp

Ile

Trp

Lys

Leu

Gln

590

Arg

Tyr

Leu

Pro

Ser

670

Ala

Ser

Gln

Leu

Phe

750

Phe

Ser

Phe

Tyr

Glu

830

Asp

Lys

Ile

Glu

Lys

575

Asn

Lys

Gln

Leu

Ser

655

Lys

Leu

Ser

Leu

Leu

735

Ser

Arg

Asp

Ser

Glu

815

Asp

Val

Ala

Gln

Ser

560

Cys

Gly

His

Cys

Ala

640

Pro

Met

Trp

Gly

His

720

Met

Tyr

Ser

Leu

Gln

800

Thr

Ser

Lys

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser

1

5

10

15
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32

-continued
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Ser Asp Tyr
20 25 30
Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gln Ile Asn Pro Thr Thr Gly Gly Ala Ser Tyr Asn Gln Lys Phe
50 55 60
Lys Gly Lys Ala Thr Ile Thr Val Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ala Arg Tyr Tyr Tyr Gly Arg His Phe Asp Val Trp Gly Gln Gly Thr
100 105 110
Thr Val Thr Val Ser Ser
115
<210> SEQ ID NO 4
<211> LENGTH: 118
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Polypeptide anti-CD100 VH 67
<400> SEQUENCE: 4
Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15
Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Ser Asp Tyr
20 25 30
Tyr Met His Trp Val Lys Gln Ser Pro Glu Asn Ser Leu Glu Trp Ile
35 40 45
Gly Gln Ile Asn Pro Thr Thr Gly Gly Ala Ser Tyr Asn Gln Lys Phe
50 55 60
Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80
Met Gln Leu Lys Ser Leu Thr Ser Glu Glu Ser Ala Val Tyr Tyr Cys
85 90 95
Thr Arg Tyr Tyr Tyr Gly Arg His Phe Asp Val Trp Gly Gln Gly Thr
100 105 110
Thr Val Thr Val Ser Ser
115
<210> SEQ ID NO 5
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Polypeptide anti-CD100 VH CDR1
<400> SEQUENCE: 5

Gly Tyr Ser Phe Ser Asp Tyr Tyr Met His

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

5

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Polypeptide anti-CD100 VH CDR2

17

6

10

Gln Ile Asn Pro Thr Thr Gly Gly Ala Ser Tyr Asn Gln Lys Phe Lys
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33 34

-continued
1 5 10 15
Gly
<210> SEQ ID NO 7
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Polypeptide anti-CD100 VH CDR3
<400> SEQUENCE: 7

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Tyr Tyr Tyr Gly Arg His Phe Asp Val
5

SEQ ID NO 8

LENGTH: 111

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Polypeptide anti-CD100 VL 2503

SEQUENCE: 8

Asp Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly

1

5 10 15

Glu Arg Ala Thr Ile Asn Cys Lys Ala Ser Gln Ser Val Asp Tyr Asp

20 25 30

Gly Asp Ser Tyr Met Asn Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro

35 40 45

Lys Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly Val Pro Asp

50

55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser

65

70 75 80

Ser Leu Gln Ala Glu Asp Val Ala Val Tyr Tyr Cys Gln Gln Ser Asn

85 90 95

Glu Asp Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105 110

SEQ ID NO 9

LENGTH: 111

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Polypeptide anti-CD100 VL 67

SEQUENCE: 9

Asp Ile Val Met Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly

1

5 10 15

Gln Arg Ala Thr Ile Ser Cys Lys Ala Ser Gln Ser Val Asp Tyr Asp

20 25 30

Gly Asp Ser Tyr Met Asn Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro

35 40 45

Lys Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly Ile Pro Ala

50

55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His

65

70 75 80

Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Ser Asn

85 90 95

Glu Asp Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

100 105 110
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-continued

36

<210> SEQ ID NO 10
<211> LENGTH: 15

<212> TYPE:

PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Polypeptide anti-CD100 VL CDR1

<400> SEQUENCE: 10

Lys Ala Ser Gln Ser Val Asp Tyr Asp Gly Asp Ser Tyr Met Asn

1

5

<210> SEQ ID NO 11
<211> LENGTH: 7

<212> TYPE:

PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Polypeptide anti-CD100 VL CDR2

<400> SEQUENCE: 11

Ala Ala Ser Asn Leu Glu Ser

1

5

<210> SEQ ID NO 12
<211> LENGTH: 9

<212> TYPE:

PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Polypeptide anti-CD100 VL CDR3

<400> SEQUENCE: 12

10

Gln Gln Ser Asn Glu Asp Pro Tyr Thr

1

5

<210> SEQ ID NO 13
<211> LENGTH: 4630

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 13

getgtaacac

caccagaagg

ccaccactct

ctgatggttt

gtCCtggggC

tggaaagttt

gtgggctttg

tggattctca

gggcgetgag

getgetgaag

tgctcatgge

tcacctggga

actcagectt

tettegetgt

cagaagacaa

tcaccgtgaa

aagaaactct

gctaacacca

gactctgeta

tcatctctag

caagaggcat

acattgcggt

gggaccgcgc

cegeatetge

cceectggggt

ccttgeagtyg

gcacagagag

getgetgage

gaacgcactce

aaaagcaaaa

ggtetgcage

gaacacatct

gatagtggaa

actggaatgg

caccagcaaa

aagatacagc

ggtgagagcg

tgttcacgag

aatagcacac

cgectetace

atgtttggga

gtgcacctygyg

gaggacaagyg

aacatcteceg

tgtgcagaaa

SEMA4D Variant 1

ttcactceeg

gaacatcaga

agaaaccatg

cttattgtge

gatttctgaa

atttcttetyg

accecctecte

ctccaggetyg

ttgcceggec

tgatgaggat

cagcgatgge

tgcagtttca

acaccttgta

agaagcagca

aggggaaatc

agccagcgag

agggacagac

tgctgaaatg

aagaaagtac

gacgtettte

aggccctgaa

acctggagaa

tgctgetgge

acctgetgee

gtgcacccce

atttgcacce

tgagccagac

cataggtgee

tgaggtgtat

aaaacagaca

15

accacgaacc
tccagacgeyg
tttgacgaca
acctggtegyg
tagaaatgac
gaagtatcaa
ctgggaaatg
cctggtecty
gtgagccttt
attaggggge
ataccccgga
atctacaact
cgggaggcgg
tggaaggtct

gagtgcctca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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38

-continued
actacatceg ggtgetgcag ccactcageg ccacttcect ttacgtgtgt gggaccaacyg 960
cattccagcce ggcctgtgac cacctgaact taacatcctt taagtttctg gggaaaaatg 1020
aagatggcaa aggaagatgt ccctttgacc cagcacacag ctacacatcc gtcatggttg 1080
atggagaact ttattcgggg acgtcgtata attttttggg aagtgaaccc atcatctccce 1140
gaaattctte ccacagtcct ctgaggacag aatatgcaat cccttggetg aacgagecta 1200
gtttegtgtt tgctgacgtg atccgaaaaa gcccagacag ccccgacggce gaggatgaca 1260
gggtctactt cttcttcacg gaggtgtectg tggagtatga gtttgtgttc agggtgctga 1320
tceccacggat agcaagagtg tgcaaggggg accagggegyg cctgaggacce ttgcagaaga 1380
aatggacctc cttcctgaaa geccgactca tctgctececg geccagacage ggcttggtcet 1440
tcaatgtgct gecgggatgte ttegtgctca ggtecceggg cctgaaggtg cetgtgttet 1500
atgcactctt caccccacag ctgaacaacg tggggctgtce ggcagtgtgce gectacaacc 1560
tgtccacage cgaggaggtc ttctcccacg ggaagtacat gcagagcacce acagtggage 1620
agtcccacac caagtgggtg cgctataatg geccggtace caagccgegyg cctggagegt 1680
gcatcgacag cgaggcacgg gccgcecaact acaccagcetce cttgaatttg ccagacaaga 1740
cgctgcagtt cgttaaagac caccctttga tggatgactc ggtaacccca atagacaaca 1800
ggcccaggtt aatcaagaaa gatgtgaact acacccagat cgtggtggac cggacccagg 1860
ccetggatgg gactgtctat gatgtcatgt ttgtcagcac agaccgggga gctctgcaca 1920
aagccatcag cctcgagcac gcectgttcaca tcatcgagga gacccagcte ttceccaggact 1980
ttgagccagt ccagaccctg ctgctgtcectt caaagaaggg caacaggttt gtctatgetg 2040
gctctaacte gggegtggte caggccccge tggcecttcetg tgggaagcac ggcacctgeg 2100
aggactgtgt gctggegegg gacccectact gegectggag ccecgeccaca gcgacctgeg 2160
tggctctgca ccagaccgag agccccagca ggggtttgat tcaggagatg agcggcgatg 2220
cttctgtgtg cccggataaa agtaaaggaa gttaccggca gcatttttte aagcacggtg 2280
gcacagcgga actgaaatgc tcccaaaaat ccaacctgge ccgggtettt tggaagttcece 2340
agaatggcgt gttgaaggcc gagagcccca agtacggtcect tatgggcaga aaaaacttgce 2400
tcatcttcaa cttgtcagaa ggagacagtg gggtgtacca gtgcctgtca gaggagaggg 2460
ttaagaacaa aacggtcttc caagtggtcg ccaagcacgt cctggaagtg aaggtggttce 2520
caaagcccgt agtggccccece accttgtcag ttgttcagac agaaggtagt aggattgcca 2580
ccaaagtgtt ggtggcatcc acccaagggt cttcectccceccce aaccccagece gtgcaggceca 2640
cctecteegg ggccatcace cttectecca agectgegee caccggcaca tcctgegaac 2700
caaagatcgt catcaacacg gtcccccage tccactcecgga gaaaaccatg tatcttaagt 2760
ccagcgacaa ccgcctecte atgtcectcet tectettett ctttgttcecte ttectetgece 2820
tcttttteta caactgctat aagggatacc tgcccagaca gtgcttgaaa ttceccgcetegg 2880
ccctactaat tgggaagaag aagcccaagt cagatttcetg tgaccgtgag cagagcctga 2940
aggagacgtt agtagagcca gggagcttct ceccagcagaa tggggagcac cccaagccag 3000
ceetggacac cggctatgag accgagcaag acaccatcac cagcaaagtce cccacggata 3060
gggaggactc acagaggatc gacgaccttt ctgccaggga caagcccttt gacgtcaagt 3120
gtgagctgaa gttcgctgac tcagacgcag atggagactg aggccggcetg tgcatccececyg 3180
ctggtgcectce ggctgcgacyg tgtccaggcg tggagagttt tgtgtttcte ctgttcagta 3240
tcecgagtete gtgcagtget gegtaggtta gcccgcateg tgcagacaac ctcagtcecte 3300
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-continued

40

ttgtctattt

tgacaagcat

cacgggcggce

gttggctgag

ttaattccag

ccagattgge

tgtttatgte

aagatgtata

aagattctca

gacataaaca

ttattccttyg

ttcttttttt

gttttgagca

agatgggagt

gatggaacct

aattgcttac

ggaagggaac

tacggegetyg

gttaatttca

catggtgaag

agcatgatag

ttttattttt

ctatccttaa

<210>
<211>
<212>
<213>
<220>
<223>

tcetettgggt

tgcatcccag

acggagttcc

aagagcatcc

attggaaatg

acgaaccttt

atgggtcatt

tcttecagat

gggataaact

ctcececeggag

agggaagcat

ttaactttta

agggaaggta

geggtacaat

tcacaagggc

ccactgectyg

tgggCCthg

ttcctgecac

cactccatct

agcaataaac

gatttgacca

ctactttgaa

SEQ ID NO 14
LENGTH: 862
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: SEMA4D

PRT

<400> SEQUENCE: 14

tgagcetgtyg

tettgtgtte

tgagcecttt

cttcagette

acattttagt

tcttccactt

tttttttagt

tttgttatat

teettttget

cccactcacce

tgtttttgga

ctctetegaa

gectggatga

ctggagecca

geotttggtt

cccagacttt

tggcegggge

tgtcctgaag

ccecegetttyg

tctggatgtt

ttttggtgta

ttgtatacat

Met Arg Met Cys Thr Pro Ile Arg

1

Met

Glu

Asn

Gly

65

Lys

Cys

Arg

Phe

His

Tyr

50

Ala

Gln

Ala

Val

Gly

Arg

35

Ser

Arg

His

Glu

Leu

Thr Ala Met Ala Phe

20

Glu Val His Leu Val

40

Ala Leu Leu Leu Ser

55

Glu Ala Val Phe Ala

70

Glu Val Tyr Trp Lys

85

Lys Gly Lys Ser Lys

100

Gln Pro Leu Ser Ala

acttggttte

cgaagtcagt

ctgtagtggg

cecteccegt

ttatcagatt

aattattttt

tacagaagca

atttggcata

aaatgcattc

ttttttettet

gagattttet

gaagaggacc

gectgagtgga

cagctgtegyg

ctctgaacat

ctatccagec

cgcgagetgt

atgtgaatgg

taaataccca

tgtgegegtyg

aacatttgtg

ttggaaagta

Variant

Gly

Ala

25

Gln

Glu

Val

Val

Gln

105

Thr

Leu

10

Pro

Phe

Asp

Asn

Ser

90

Thr

Ser

Leu

Ile

His

Lys

Ala

75

Glu

Glu

Leu

tctttgtect tttggaaaaa

cggagtactt

ggaaaggtgg

agcagccact

ggtaacttat

ttaggatttt

gttgtgttaa

aaatacggct

tttctgettt

ttcttterttet

ttetgtactt

ttcccacate

gccaggctgg

tcagaacctce

ctcctttete

tcactgaget

gaccacagca

gtggtacgat

tcgggaagag

tgtggacagt

ttttataaga

cccaaataaa

Met

Pro

Glu

Asp

60

Leu

Asp

Cys

Tyr

Ala

Arg

Pro

45

Thr

Asn

Lys

Leu

Val

Leu

Ile

30

Asp

Leu

Ile

Lys

Asn
110

Cys

gaagaaggcce
ctggacctet
aaaagattat
cgeectgttgt
gctttgattyg
tatttagaag
tacgttgett
tagaaatgta
ttttttaact
cgttttactt
cacgaggtgg
cccagagetyg
ctgtgagaca
ttcttgette
geccactact
ccctcaagea
ttcaacactyg
actttttttce
cttatcttcc
tttaccttgt

tgagaagcett

Ala Val

Thr Trp

Ile Tyr

Tyr Ile

Ser Glu
80

Ala Lys
95

Tyr Ile

Gly Thr

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4630
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-continued

42

Asn

Phe

145

Ala

Thr

Ser

Pro

Asp

225

Glu

Cys

Ser

Lys

305

Gly

Phe

Thr

Ala

Asn

385

Asp

Asp

Gly

Gln
465

Lys

Gln

Cys

Ala

130

Leu

His

Ser

His

Ser

210

Gly

Tyr

Lys

Phe

Phe

290

Val

Leu

Ser

Lys

Cys

370

Leu

Asp

Val

Thr

Lys

450

Leu

Lys

Ala

Leu

Val
530

115

Phe

Gly

Ser

Tyr

Ser

195

Phe

Glu

Glu

Gly

Leu

275

Asn

Pro

Ser

His

Trp

355

Ile

Pro

Ser

Asn

Val

435

Ala

Phe

Gly

Pro

Ala
515

Ala

Gln

Lys

Tyr

Asn

180

Pro

Val

Asp

Phe

Asp

260

Lys

Val

Val

Ala

Gly

340

Val

Asp

Asp

Val

Tyr

420

Tyr

Ile

Gln

Asn

Leu
500

Arg

Leu

Pro

Asn

Thr

165

Phe

Leu

Phe

Asp

Val

245

Gln

Ala

Leu

Phe

Val

325

Lys

Arg

Ser

Lys

Thr

405

Thr

Asp

Ser

Asp

Arg

485

Ala

Asp

His

Ala

Glu

150

Ser

Leu

Arg

Ala

Arg

230

Phe

Gly

Arg

Arg

Tyr

310

Cys

Tyr

Tyr

Glu

Thr

390

Pro

Gln

Val

Leu

Phe

470

Phe

Phe

Pro

Gln

Cys

135

Asp

Val

Gly

Thr

Asp

215

Val

Arg

Gly

Leu

Asp

295

Ala

Ala

Met

Asn

Ala

375

Leu

Ile

Ile

Met

Glu

455

Glu

Val

Cys

Tyr

Thr
535

120

Asp

Gly

Met

Ser

Glu

200

Val

Tyr

Val

Leu

Ile

280

Val

Leu

Tyr

Gln

Gly

360

Arg

Gln

Asp

Val

Phe

440

His

Pro

Tyr

Gly

Cys

520

Glu

His

Lys

Val

Glu

185

Tyr

Ile

Phe

Leu

Arg

265

Cys

Phe

Phe

Asn

Ser

345

Pro

Ala

Phe

Asn

Val

425

Val

Ala

Val

Ala

Lys
505

Ala

Ser

Leu

Gly

Asp

170

Pro

Ala

Arg

Phe

Ile

250

Thr

Ser

Val

Thr

Leu

330

Thr

Val

Ala

Val

Arg

410

Asp

Ser

Val

Gln

Gly
490
His

Trp

Pro

Asn

Arg

155

Gly

Ile

Ile

Lys

Phe

235

Pro

Leu

Arg

Leu

Pro

315

Ser

Thr

Pro

Asn

Lys

395

Pro

Arg

Thr

His

Thr

475

Ser

Gly

Ser

Ser

Leu

140

Cys

Glu

Ile

Pro

Ser

220

Thr

Arg

Gln

Pro

Arg

300

Gln

Thr

Val

Lys

Tyr

380

Asp

Arg

Thr

Asp

Ile

460

Leu

Asn

Thr

Pro

Arg
540

125

Thr

Pro

Leu

Ser

Trp

205

Pro

Glu

Ile

Lys

Asp

285

Ser

Leu

Ala

Glu

Pro

365

Thr

His

Leu

Gln

Arg

445

Ile

Leu

Ser

Cys

Pro
525

Gly

Ser

Phe

Tyr

Arg

190

Leu

Asp

Val

Ala

Lys

270

Ser

Pro

Asn

Glu

Gln

350

Arg

Ser

Pro

Ile

Ala

430

Gly

Glu

Leu

Gly

Glu
510

Thr

Leu

Phe

Asp

Ser

175

Asn

Asn

Ser

Ser

Arg

255

Trp

Gly

Gly

Asn

Glu

335

Ser

Pro

Ser

Leu

Lys

415

Leu

Ala

Glu

Ser

Val
495
Asp

Ala

Ile

Lys

Pro

160

Gly

Ser

Glu

Pro

Val

240

Val

Thr

Leu

Leu

Val

320

Val

His

Gly

Leu

Met

400

Lys

Asp

Leu

Thr

Ser

480

Val

Cys

Thr

Gln
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Glu
545
Tyr

Ser

Leu

Leu

625

Lys

Thr

Leu

Ala

Gly

705

Met

Tyr

Ser

Arg

785

Gln

Thr

Ser

Lys

<210>
<211>
<212>
<213>
<220>
<223>

Met

Arg

Gln

Leu

Leu

610

Ser

His

Leu

Val

Thr

690

Thr

Ser

Ser

Asn

Ala

770

Glu

Gln

Glu

Gln

Cys
850

Ser

Gln

Lys

Lys

595

Ile

Glu

Val

Ser

Ala

675

Ser

Ser

Glu

Leu

Cys

755

Leu

Gln

Asn

Gln

Arg

835

Glu

Gly

His

Ser

580

Ala

Phe

Glu

Leu

Val

660

Ser

Ser

Cys

Lys

Phe

740

Tyr

Leu

Ser

Gly

Asp

820

Ile

Leu

<400> SEQUENCE:

getgtaacac

caccagaagg

ccaccactct

ctgatggttt

tcaccgtgaa

aagaaactct

gctaacacca

gactctgeta

Asp

Phe

565

Asn

Glu

Asn

Arg

Glu

645

Val

Thr

Gly

Glu

Thr

725

Leu

Lys

Ile

Leu

Glu

805

Thr

Asp

Lys

SEQ ID NO 15
LENGTH:
TYPE: DNA
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

4400

15

Ala

550

Phe

Leu

Ser

Leu

Val

630

Val

Gln

Gln

Ala

Pro

710

Met

Phe

Gly

Gly

Lys

790

His

Ile

Asp

Phe

Ser

Lys

Ala

Pro

Ser

615

Lys

Lys

Thr

Gly

Ile

695

Lys

Tyr

Phe

Tyr

Lys

775

Glu

Pro

Thr

Leu

Ala
855

Val

His

Arg

Lys

600

Glu

Asn

Val

Glu

Ser

680

Thr

Ile

Leu

Phe

Leu

760

Lys

Thr

Lys

Ser

Ser

840

Asp

Cys

Gly

Val

585

Tyr

Gly

Lys

Val

Gly

665

Ser

Leu

Val

Lys

Val

745

Pro

Lys

Leu

Pro

Lys

825

Ala

Ser

Pro

Gly

570

Phe

Gly

Asp

Thr

Pro

650

Ser

Pro

Pro

Ile

Ser

730

Leu

Arg

Pro

Val

Ala

810

Val

Arg

Asp

Asp

555

Thr

Trp

Leu

Ser

Val

635

Lys

Arg

Pro

Pro

Asn

715

Ser

Phe

Gln

Lys

Glu

795

Leu

Pro

Asp

Ala

SEMA4D Variant 2

ggtetgcage

gaacacatct

gatagtggaa

actggaatgg

ttcactceeg

gaacatcaga

agaaaccatg

cttattgtge

Lys

Ala

Lys

Met

Gly

620

Phe

Pro

Ile

Thr

Lys

700

Thr

Asp

Leu

Cys

Ser

780

Pro

Asp

Thr

Lys

Asp
860

Ser

Glu

Phe

Gly

605

Val

Gln

Val

Ala

Pro

685

Pro

Val

Asn

Cys

Leu

765

Asp

Gly

Thr

Asp

Pro

845

Gly

Lys

Leu

Gln

590

Arg

Tyr

Val

Val

Thr

670

Ala

Ala

Pro

Arg

Leu

750

Lys

Phe

Ser

Gly

Arg

830

Phe

Asp

agccagcgag

agggacagac

tgctgaaatg

aagaaagtac

Gly

Lys

575

Asn

Lys

Gln

Val

Ala

655

Lys

Val

Pro

Gln

Leu

735

Phe

Phe

Cys

Phe

Tyr

815

Glu

Asp

accacgaacc

tccagacgeyg

tttgacgaca

acctggtegyg

Ser

560

Cys

Gly

Asn

Cys

Ala

640

Pro

Val

Gln

Thr

Leu

720

Leu

Phe

Arg

Asp

Ser

800

Glu

Asp

Val

60

120

180

240
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46

-continued
gtectgggge tcatctctag caccagcaaa gatttctgaa gacgtctttce tagaaatgac 300
tggaaagttt caagaggcat aagatacagc atttcttcectyg aggccctgaa gaagtatcaa 360
gtgggetttyg acattgcggt ggtgagagceg acccctecte acctggagaa ctgggaaatg 420
tggattcteca gggaccgege tgttcacgag ctecaggetyg tgetgetgge cctggtectyg 480
gggegetgayg ccgecatctge aatagcacac ttgcceggec acctgcetgec gtgagecttt 540
getgetgaag ccectggggt cgectctace tgatgaggat gtgcacccecce attaggggge 600
tgctcatgge ccttgcagtyg atgtttggga cagcgatgge atttgcacce ataccccgga 660
tcacctggga gcacagagag gtgcacctgg tgcagtttca tgagccagac atctacaact 720
actcagectt gctgetgage gaggacaagg acaccttgta cataggtgec cgggaggcgg 780
tcttegetgt gaacgcactc aacatctccg agaagcagca tgaggtgtat tggaaggtcet 840
cagaagacaa aaaagcaaaa tgtgcagaaa aggggaaatc aaaacagaca gagtgcctca 900
actacatceg ggtgetgcag ccactcageg ccacttcect ttacgtgtgt gggaccaacyg 960
cattccagcce ggcctgtgac cacctgaact taacatcctt taagtttctg gggaaaaatg 1020
aagatggcaa aggaagatgt ccctttgacc cagcacacag ctacacatcc gtcatggttg 1080
atggagaact ttattcgggg acgtcgtata attttttggg aagtgaaccc atcatctccce 1140
gaaattctte ccacagtcct ctgaggacag aatatgcaat cccttggetg aacgagecta 1200
gtttegtgtt tgctgacgtg atccgaaaaa gcccagacag ccccgacggce gaggatgaca 1260
gggtctactt cttcttcacg gaggtgtectg tggagtatga gtttgtgttc agggtgctga 1320
tceccacggat agcaagagtg tgcaaggggg accagggegyg cctgaggacce ttgcagaaga 1380
aatggacctc cttcctgaaa geccgactca tctgctececg geccagacage ggcttggtcet 1440
tcaatgtgct gecgggatgte ttegtgctca ggtecceggg cctgaaggtg cetgtgttet 1500
atgcactctt caccccacag ctgaacaacg tggggctgtce ggcagtgtgce gectacaacc 1560
tgtccacage cgaggaggtc ttctcccacg ggaagtacat gcagagcacce acagtggage 1620
agtcccacac caagtgggtg cgctataatg geccggtace caagccgegyg cctggagegt 1680
gcatcgacag cgaggcacgg gccgcecaact acaccagcetce cttgaatttg ccagacaaga 1740
cgctgcagtt cgttaaagac caccctttga tggatgactc ggtaacccca atagacaaca 1800
ggcccaggtt aatcaagaaa gatgtgaact acacccagat cgtggtggac cggacccagg 1860
ccetggatgg gactgtctat gatgtcatgt ttgtcagcac agaccgggga gctctgcaca 1920
aagccatcag cctcgagcac gcectgttcaca tcatcgagga gacccagcte ttceccaggact 1980
ttgagccagt ccagaccctg ctgctgtcectt caaagaaggg caacaggttt gtctatgetg 2040
gctctaacte gggegtggte caggccccge tggcecttcetg tgggaagcac ggcacctgeg 2100
aggactgtgt gctggegegg gacccectact gegectggag ccecgeccaca gcgacctgeg 2160
tggctctgca ccagaccgag agccccagca ggggtttgat tcaggagatg agcggcgatg 2220
cttectgtgtg ceccggecteg tetectaage ccectecctece tectggetee tettecctgt 2280
cctgtetggg ccatgtgggg gacaggaggce tttectcetece ctggacccee tggccagect 2340
cgggtgceggg gcccgacage agctcgaggg tctecttget gecgecectte ctgagtgacce 2400
aggcacagca cgtgcacgcc ctggggaact tctacctett ctgccaggece acaggtectg 2460
cagacattcg ctttgtctgg gagaagaatg ggcgagctct ggagacctgt gtccctgtgce 2520
agacccatge actgcccgat ggcagggecce atgcactcag ctggectgcag gacgcecatca 2580
gggaaagcgce tgagtatcgce tgctctgtece tectcectcage agggaacaag acttcgaagg 2640
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tgcaggttge

ctgectggag

gggaaagctg

aaccccaaca

cacaactgtg

atgggcagag

agacttaaaa

ccaggatgge

gttecctecte

tccecttgac

atcgctgett

aggaactcca

gecctaaace

ttttcttcac

ctgteecegte

aggtcaatta

atgagtgttt

ctgtgtcact

gtctettett

aaaagtcaag

tgacaatgac

tgtgtgggat

tgaagatgct

gaggcccage

cacggaacca

gtggttettyg

ctttaggett

cactttcaca

ctgggaaatg

aaaaatagag

tgtgatgaga

ggctgtggct

tagcaaggac

agaccetget

aactgtcttg

gcgggacagt

aattaggtge

taacaggctt

tacggtcagyg

agagtgcccc

ttattgatge

agatgcatga

ttgaatgact

taacctcaga

aatgctcage

tgcaaatctce

tgttctacct

gtgtgtgtga

gtctgttgaa

ccgeaccect

ctgttttgea

cagcatacat

ggagacacce

tgcctgtgag

tcacatactc

ctttgggtgt

atattcttgg

cttaacaaaa

gagttatgag

ttgtacattg

<210> SEQ ID NO 16
<211> LENGTH: 738

<212> TYPE:

PRT

cctgaagtga
ggggagcacg
accctgtage
gccactgace
cccaagectyg
ggagaagcct
ttacctggga
tgatagctge
cagcaggete
cacccectaa
aaatcaagcc
ctgggacaag
gtgagatgcg
atactgggcet
ttctgcaaca
ctggtgecat
getttcaagt
acttgtccta
tgacagtttt
ctggtgatce
tcecectettt
cgectgetaa
tggttgtete
gtgtgtgett
ataacctgaa
ggcttcaace
tgctgtttte
taattacata

gatgaatttce

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SEMA4D

<400> SEQUENCE: 16

Met Arg Met Cys Thr Pro Ile Arg

1

5

Met Phe Gly Thr Ala Met Ala Phe

20

Glu His Arg Glu Val His Leu Val

35

40

cccaccagga gaggtggace

accggatgat gcagagctgg

caccaggaag gagtccctga

acagccacce ccggagaagg

ctctgaacac agccattggyg

ggaacccaag tgggectgtg

cagtaagttce tgtctggcac

tcgtgaacta aaacagcagg

tgaaggctga tcctacaccyg

tagccaacag ggttagcatg

tgctgettet ccteectgea

aaaaggtgag actccacatg

atctgggagt gcatctgtca

ctattttatc aagcgctgca

ggacaccaaa cttgatgcag

attaaatttc ttgacgatgg

ctctaattat taaagctgta

aagctactca gectttaatce

catgtctatc ataaaaccaa

tagcaaatac tgagtgtctt

ctggagctgyg acaaattctce

ttcecttcagyg atccatcaca

cacacgttece ccctecgeac

geccatccag ccaaggatge

gttttectgt aaaatatcca

actacaaact gatgagtgaa

tgtctettet cctgaagtet

cttgaagttt tcgtaatgtg

tgagtcttte tttgctetge

Variant 2

agagagctct

aggaaggcgt

caccgaccte

cctggteccee

ccaccaccty

acaggaacta

aagcaggtaa

gtgtgtgcag

tcccagtgac

gccagcacag

gacttagcca

gaaatgccett

agtctttgtg

gtttatgect

aaagccaaat

aatgagtctce

tctetgaaga

ttacacacac

agcctetgtt

cccagcagty

taccagcett

acaggtgtcc

cccaagtega

cagtcttget

tcagctcact

atgctatggyg

ggatttcaag

gagtgttcta

tggaaaaaat

Gly Leu Leu Met Ala Leu Ala Val

10

15

Ala Pro Ile Pro Arg Ile Thr Trp

25 30

Gln Phe His Glu Pro Asp Ile Tyr

45

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4400
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Asn

Gly

65

Lys

Cys

Arg

Asn

Phe

145

Ala

Thr

Ser

Pro

Asp

225

Glu

Cys

Ser

Lys

305

Gly

Phe

Thr

Ala

Asn
385
Asp

Asp

Gly

Tyr

50

Ala

Gln

Ala

Val

Ala

130

Leu

His

Ser

His

Ser

210

Gly

Tyr

Lys

Phe

Phe

290

Val

Leu

Ser

Lys

Cys

370

Leu

Asp

Val

Thr

Lys
450

Ser

Arg

His

Glu

Leu

115

Phe

Gly

Ser

Tyr

Ser

195

Phe

Glu

Glu

Gly

Leu

275

Asn

Pro

Ser

His

Trp

355

Ile

Pro

Ser

Asn

Val

435

Ala

Ala

Glu

Glu

Lys

100

Gln

Gln

Lys

Tyr

Asn

180

Pro

Val

Asp

Phe

Asp

260

Lys

Val

Val

Ala

Gly

340

Val

Asp

Asp

Val

Tyr
420

Tyr

Ile

Leu

Ala

Val

85

Gly

Pro

Pro

Asn

Thr

165

Phe

Leu

Phe

Asp

Val

245

Gln

Ala

Leu

Phe

Val

325

Lys

Arg

Ser

Lys

Thr
405
Thr

Asp

Ser

Leu

Val

70

Tyr

Lys

Leu

Ala

Glu

150

Ser

Leu

Arg

Ala

Arg

230

Phe

Gly

Arg

Arg

Tyr

310

Cys

Tyr

Tyr

Glu

Thr

390

Pro

Gln

Val

Leu

Leu

55

Phe

Trp

Ser

Ser

Cys

135

Asp

Val

Gly

Thr

Asp

215

Val

Arg

Gly

Leu

Asp

295

Ala

Ala

Met

Asn

Ala

375

Leu

Ile

Ile

Met

Glu
455

Ser

Ala

Lys

Lys

Ala

120

Asp

Gly

Met

Ser

Glu

200

Val

Tyr

Val

Leu

Ile

280

Val

Leu

Tyr

Gln

Gly

360

Arg

Gln

Asp

Val

Phe
440

His

Glu

Val

Val

Gln

105

Thr

His

Lys

Val

Glu

185

Tyr

Ile

Phe

Leu

Arg

265

Cys

Phe

Phe

Asn

Ser

345

Pro

Ala

Phe

Asn

Val
425

Val

Ala

Asp

Asn

Ser

90

Thr

Ser

Leu

Gly

Asp

170

Pro

Ala

Arg

Phe

Ile

250

Thr

Ser

Val

Thr

Leu

330

Thr

Val

Ala

Val

Arg

410

Asp

Ser

Val

Lys

Ala

75

Glu

Glu

Leu

Asn

Arg

155

Gly

Ile

Ile

Lys

Phe

235

Pro

Leu

Arg

Leu

Pro

315

Ser

Thr

Pro

Asn

Lys

395

Pro

Arg

Thr

His

Asp

60

Leu

Asp

Cys

Tyr

Leu

140

Cys

Glu

Ile

Pro

Ser

220

Thr

Arg

Gln

Pro

Arg

300

Gln

Thr

Val

Lys

Tyr

380

Asp

Arg

Thr

Asp

Ile
460

Thr

Asn

Lys

Leu

Val

125

Thr

Pro

Leu

Ser

Trp

205

Pro

Glu

Ile

Lys

Asp

285

Ser

Leu

Ala

Glu

Pro

365

Thr

His

Leu

Gln

Arg
445

Ile

Leu

Ile

Lys

Asn

110

Cys

Ser

Phe

Tyr

Arg

190

Leu

Asp

Val

Ala

Lys

270

Ser

Pro

Asn

Glu

Gln

350

Arg

Ser

Pro

Ile

Ala
430

Gly

Glu

Tyr

Ser

Ala

95

Tyr

Gly

Phe

Asp

Ser

175

Asn

Asn

Ser

Ser

Arg

255

Trp

Gly

Gly

Asn

Glu

335

Ser

Pro

Ser

Leu

Lys

415

Leu

Ala

Glu

Ile

Glu

80

Lys

Ile

Thr

Lys

Pro

160

Gly

Ser

Glu

Pro

Val

240

Val

Thr

Leu

Leu

Val

320

Val

His

Gly

Leu

Met

400

Lys

Asp

Leu

Thr
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Gln
465
Lys

Gln

Cys

Glu

545

Leu

Asp

Gly

Asp

Gln

625

Arg

Gly

Ala

Lys

Trp

705

Arg

Thr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

ctgaaggtge ctgtgtteta tgcactette accccacage tgaacaacgt g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Leu

Lys

Ala

Leu

Val

530

Met

Pro

Arg

Pro

Gln

610

Ala

Ala

Arg

Glu

Val

690

Thr

Met

Leu

Phe

Gly

Pro

Ala

515

Ala

Ser

Pro

Arg

Asp

595

Ala

Thr

Leu

Ala

Tyr

675

Gln

Arg

Met

Gln

Asn

Leu

500

Arg

Leu

Gly

Pro

Leu

580

Ser

Gln

Gly

Glu

His

660

Arg

Val

Glu

Gln

SEQUENCE :

PRT

SEQUENCE :

51

17

Asp

Arg

485

Ala

Asp

His

Asp

Gly

565

Ser

Ser

His

Pro

Thr

645

Ala

Cys

Ala

Leu

Ser
725

SEQ ID NO 17
LENGTH:
TYPE: DNA
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Epitope 1

17

SEQ ID NO 18
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Epitope 1

18

Phe

470

Phe

Phe

Pro

Gln

Ala

550

Ser

Ser

Ser

Val

Ala

630

Cys

Leu

Ser

Val

Ser

710

Trp

Glu

Val

Cys

Tyr

Thr

535

Ser

Ser

Pro

Arg

His

615

Asp

Val

Ser

Val

Met

695

Ala

Arg

Pro

Tyr

Gly

Cys

520

Glu

Val

Ser

Trp

Val

600

Ala

Ile

Pro

Trp

Leu

680

Arg

Trp

Lys

Val

Ala

Lys

505

Ala

Ser

Cys

Leu

Thr

585

Ser

Leu

Arg

Val

Leu

665

Ser

Pro

Arg

Ala

Gln

Gly

490

His

Trp

Pro

Pro

Ser

570

Pro

Leu

Gly

Phe

Gln

650

Gln

Ser

Glu

Ala

Trp
730

Thr Leu
475

Ser Asn

Gly Thr

Ser Pro

Ser Arg

540

Ala Ser
555

Cys Leu

Trp Pro

Leu Pro

Asn Phe

620

Val Trp
635

Thr His

Asp Ala

Ala Gly

Val Thr
700

Val Ala
715

Glu Ser

Leu

Ser

Cys

Pro

525

Gly

Ser

Gly

Ala

Pro

605

Tyr

Glu

Ala

Ile

Asn

685

His

Gly

Cys

Leu

Gly

Glu

510

Thr

Leu

Pro

His

Ser

590

Phe

Leu

Lys

Leu

Arg

670

Lys

Gln

Glu

Ser

Ser

Val

495

Asp

Ala

Ile

Lys

Val

575

Gly

Leu

Phe

Asn

Pro

655

Glu

Thr

Glu

His

Lys
735

Ser

480

Val

Cys

Thr

Gln

Pro

560

Gly

Ala

Ser

Cys

Gly

640

Asp

Ser

Ser

Arg

Asp

720

Asp

Leu Lys Val Pro Val Phe Tyr Ala Leu Phe Thr Pro Gln Leu Asn Asn

1

Val

5

10

15
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54

-continued

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 19

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Epitope 2
<400>

SEQUENCE: 19

aaatggacct ccttectgaa ageccgacte atctgetcee ggeca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 15

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Epitope 2

<400> SEQUENCE: 20

45

Lys Trp Thr Ser Phe Leu Lys Ala Arg Leu Ile Ala Ser Arg Pro

1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Epitope 3
<400>

SEQUENCE: 21

gagtttgtgt tcagggtgct gatcccacgg atagcaagag tg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Epitope 3
<400>

SEQUENCE: 22

Glu Phe Val Phe Arg Val Leu Ile Pro Arg Ile Ala Arg Val

1 5 10
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What is claimed is:

1. An isolated synthetic scaffold peptide polypeptide com-
prising (i) a SEMA4D conformational epitope formed by the
three amino acid sequences set forth in SEQ ID NO:18, 20,
and 22; and (ii) chemical linkers that join the amino acid
sequences, wherein an anti-SEMA4D antibody binds the
SEMAA4D epitope polypeptide.

2. The synthetic scaffold peptide of claim 1, wherein the
anti-SEMA4D antibody is MAb 2503 or an antigen-binding
fragment thereof.

3. A peptide vaccine comprising the synthetic scaffold
peptide of claim 1, wherein the peptide stimulates an antibody
and/or cellular immune responses to SEMA4D.

4. The peptide vaccine of claim 3, consisting essentially of:
(1) the amino acid sequences of SEQ ID NO:18, 20 and 22;
and (ii)) the chemical linkers.
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5. The synthetic scaffold polypeptide of claim 1, consisting
essentially of: (i) the amino acid sequences set forth in SEQ
ID NO: 18, 20 and 22; and (ii) the chemical linkers.

6. An isolated synthetic scaffold peptide that mimics a
SEMAA4D epitope that can be bound by MAb 2503, compris-
ing at least two of the three amino acid sequences set forth in
SEQ ID NO: 18, 20, and 22, wherein the amino acid
sequences are chemically linked via a CLIPS™ (Chemical
Linkage of Immunogenic Peptides on Scaffolds) scaffold.

7. The isolated synthetic scaffold peptide of claim 6,
wherein the synthetic scaffold peptide comprises the three
amino acid sequences set forth in SEQ ID NO: 18,20, and 22.
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